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ABSTRACT
The p h y s io lo g ic a l  and  b io c h e m ic a l  c h a n g e s  a s s o c i a t e d  w ith  
to b a c c o  e tc h  v iru s  {TEV)-induced w il t  of T a b a s c o  p e p p e r ,  C a p s ic u m  
f r u te s c e n s  v a r .  T a b a s c o ,  w e re  s tu d ie d .  A m arked r e l e a s e  of e l e c t r o ­
l y t e s ,  in d ic a t iv e  o f  p e rm e a b i l i ty  c h a n g e ,  w a s  d e te c te d  in  th e  ro o ts  
of T E V -in fected  p la n t s  2 4 -48  hou rs  b e fo re  w i l t  sym ptom s o c c u r re d .  
P o ta s s iu m  and  sod ium  io n s  w ere  th e  m ain e l e c t r o ly te s  th a t  w e re  lo s t  
to  th e  su rrou nd ing  so lu t io n s  a s  a r e s u l t  of th e  a l t e r e d  p e rm e a b i l i ty  of 
th e  root c e l l s . No su ch  l o s s  of e l e c t r o ly te s  w a s  o b ta in e d  w ith  ro o ts  
of n o n in o c u la te d  c o n tro l  p la n ts  or w ith  ro o ts  of T E V -su sc e p t ib le  pep p er  
v a r i e t i e s  w h ich  do not w i l t  a s  a r e s u l t  of in f e c t io n .  P e rm ea b il i ty  
c h a n g e s  w e re  a l s o  found to  p re c e d e  h i s to lo g ic a l  c h a n g e s  by 2 4 -4 8  
h o u r s . A d e c r e a s e  in  th e  re s p i ra to ry  r a t e s  of ro o ts  of in f e c te d  
T a b a sc o  p e p p e r  p la n ts  w a s  o b se rv e d  12-24 hours  a f te r  th e  in i t i a l  
c h a n g e  in  p e rm e a b i l i ty  had  o c c u r re d .  The re s p i ra to ry  ra te  c o n tin u e d  
to  d e c r e a s e  s t e a d i ly  t h e r e a f t e r ,  r e a c h in g  a  v a lu e  abou t 50% of th a t  
of th e  c o n tro l  p la n t s  a t  th e  tim e  o f in c ip ie n t  w i l t .  No p e rm e a b i l i ty  
c h a n g e s  w e re  o b se rv e d  in  s y s te m ic a l ly  in fe c te d  T a b a sc o  p e p p e r  l e a v e s  
during 144 hours  a f te r  in o c u la t io n .  An i n c r e a s e d  r a te  o f  r e s p i r a t io n  
w a s  d e te c te d  in  s y s te m ic a l ly  in fe c te d  l e a v e s  of T a b a s c o  an d  2 o th e r  
T E V -su sc ep t ib le  p e p p e r  v a r i e t i e s  a t  th e  t im e  th e  e x te rn a l  sym ptom s 
w e re  a p p a r e n t . S in c e  th e  c h a n g e s  in  p e rm e a b i l i ty  a p p e a re d  to  be
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s p e c i f i c  for T E V -infec ted  T a b a sc o  p e p p e r  r o o t s ,  and  s in c e  t h i s  p re c e d e d  
any o th e r  o b s e rv a b le  sy m p to m s , a c a u s a l  r e la t io n s h ip  b e tw e e n  p e r ­
m ea b il i ty  c h a n g e s  and  w i l t in g  is  s u g g e s t e d .
The fo llow ing  b io c h e m ic a l  c h a n g e s  w e re  d e te c te d  in  root 
e x t r a c t s  of T E V -infected  T a b a sc o  p e p p e r  p la n t s  a t  th e  f i r s t  day  of 
w i l t ;  a d e c r e a s e  in  a s c o rb ic  a c id  c o n te n t ;  a p ro nou nced  a c c u m u la t io n  
of p o ly p h en o ls ;  a n  e le v a te d  e n z y m a t ic  o x id a t io n  o f a s c o r b ic  a c id ;  and  
a n  in c r e a s e  in  p e ro x id a s e  a c t iv i t y .  P o ly p h en o l o x id a s e  a c t iv i ty  w a s  
s im ila r  to  th a t  of th e  c o n tro l .  P a ra l l e l  t e s t s  m ade on  roo t e x t r a c t s  of 
th e  o th e r  p e p p e r  v a r i e t i e s  sh o w ed  no s ig n i f ic a n t  d i f f e re n c e s  b e tw e e n  
h e a l th y  and  d i s e a s e d  p l a n t s .
The v iru s  t i t e r  in  ro o ts  of T a b a sc o  p e p p e r  p la n ts  w a s  s im i la r  to  
th a t  in  ro o ts  of o th e r  p e p p e r  v a r i e t i e s .
v iii
INTRODUCTION
The e t io lo g y  of th e  w i l t  d i s e a s e  of T a b a s c o  p e p p e r  w a s  e s t a b l i s h e d  
in  1951 by G re e n le a f  (13, 14) w ho  found th a t  th e  d i s e a s e  w a s  c a u s e d  by 
a  s e v e re  s t r a in  of to b a c c o  e tc h  v iru s  (TEV).
The f i r s t  v i s ib le  sym ptom s fo llow ing  in o c u la t io n  of T a b a sc o  
p e p p e r  w ith  TEV a re  v e in  c le a r in g  an d  a fa in t  m ottl ing  of th e  young 
l e a v e s .  T h e s e  sym ptom s a p p e a r  4 d a y s  or more a f te r  in o c u la t io n ,  d e p e n d ­
ing on  e n v iro n m e n ta l  c o n d i t io n s  a n d  th e  v iru s  c o n c e n tr a t io n  in  th e  
in o cu lu m , an d  a re  fo llo w ed  w i th in  a few d a y s  by a l e th a l  w il t  (59). The 
root s y s te m s  of p la n ts  th a t  a re  s ta r t in g  to  w i l t  h a v e  a ru s ty  brow n c o lo r a ­
t io n .  Phloem  an d  cam bium  n e c r o s i s ,  e x te n d in g  in  a ring a rou nd  th e  
x y lem , i s  ve ry  c h a r a c t e r i s t i c  in  c ro s s  s e c t io n s  p re p a re d  from t h e s e  
ro o ts  (61 , 62).
The w il t  w h ic h  o c c u rs  a s  a r e s u l t  of TEV in fe c t io n  of T a b a sc o  
p e p p e r  is  a  u n iq u e  r e s p o n s e  of th i s  v a r i e ty .  O the r  p e p p e r  v a r i e t i e s  
w h ich  a re  s u s c e p t ib l e  to  TEV do not w il t  w h e n  in f e c te d .  The p h y s io ­
lo g ic a l  and  b io c h e m ic a l  c h a n g e s  a s s o c i a t e d  w ith  th e  v i r u s - in d u c e d  
w il t  of T a b a s c o  p e p p e r  w e re  s tu d ie d  in  an  a t tem p t to  e lu c id a te  th e  
n a tu re  of th e  f a c to r s  r e s p o n s ib le  for th e  u n ique  r e s p o n s e  of T a b a sc o  
p e p p e r .  T h e se  s tu d ie s  in c lu d e d :  p e rm e a b i l i ty  an d  re s p i ra to ry  c h a n g e s ;  
c h a n g e s  in  th e  a c t iv i ty  o f p o ly p h en o l  o x id a s e  and  p e ro x id a s e ;  c h a n g e s
1
in  p o ly p h en o l  c o n te n t ;  c h a n g e s  In th e  a c t iv i ty  of e n zy m es  w h ich  
o x id iz e  a s c o r b ic  a c id ;  and  c h a n g e s  in  a s c o rb ic  a c id  c o n te n t .
The p o s s ib i l i ty  th a t  th e  v iru s  t i t e r  in  T a b a s c o  p e p p e r  roo ts  
might d if fe r  from th a t  in  ro o ts  of o th e r  p e p p e r  v a r i e t i e s  a l s o  w a s  
i n v e s t i g a t e d .
REVIEW OF LITERATURE
The w i l t  d i s e a s e  of T a b a s c o  p e p p e r
T a b a sc o  p e p p e r ,  C a p s ic u m  f r u t e s c e n s  L. v a r .  T a b a s c o ,  Is th e  
m ajor p e p p e r  v a r ie ty  u s e d  for th e  p e p p e r  p ic k l in g  an d  hot s a u c e  
in d u s try  in  L o u is ia n a .  S in c e  T a b a s c o  p e p p e r  i s  s u s c e p t ib l e  to  th e  
w i l t  d i s e a s e  c a u s e d  by TEV, c o n s id e r a b le  l o s s e s  in  p ro d u c t io n  h ave  
b e e n  e x p e r ie n c e d  by g ro w e rs  for many y e a r s .
The d i s e a s e  w a s  f i r s t  s tu d ie d  in  L o u is ia n a  by P e rso n  (40 , 4 1 ,  
4 2 ,  43) w h o ,  in  a  s e r i e s  of r e s e a r c h  n o t e s ,  a t t r ib u te d  th e  d i s e a s e  to  
c e r t a in  fungi th a t  w e re  i s o l a t e d  from th e  w i l te d  p l a n t s .  He w a s  n e v e r  
s u c c e s s f u l  in  d e te rm in in g  th e  t ru e  n a tu re  o f th e  p a th o g e n ic  a g e n t .  
G r e e n le a f  (14), in  A la b am a , w a s  th e  f i r s t  to  show  c o n c lu s iv e ly  th a t  
th e  d i s e a s e  w a s  c a u s e d  by  a  s e v e re  s t r a in  o f to b a c c o  e tc h  v i r u s . 
S in c la i r  e t  al. (5 0 ), in  1959 , sh o w ed  th a t  TEV w a s  th e  c a u s e  of 
T a b a s c o  p e p p e r  w il t  in  L o u is ia n a .  Horn an d  S in c la i r  (21), in  a 
more d e ta i l e d  p a p e r ,  sh o w ed  th a t  T a b a s c o  p e p p e r  i s  s u s c e p t ib l e  to  
th e  v iru s  a t  any  s t a g e  of g ro w th .
A
W h ite  and  H o rn 's  (61 , 62) h i s to p a th o lo g ic a l  s tu d i e s  of in fe c te d  
ro o ts  a t  t h e  f i r s t  day  of w i l t  r e v e a le d  a  ph loem  a n d  cam b iu m  n e c r o s i s  
and  d e g e n e ra t io n  o f c o r t i c a l  c e l l s  an d  p l a s t i d s .  No p h loem  n e c r o s i s  
w a s  d e te c t e d  in  s e c t io n s  p re p a re d  from in f e c te d  s te m ,  p e t i o l e ,  or 
l e a f  t i s s u e .  The c e l l s  in  t h e s e  t i s s u e s ,  h o w e v e r ,  w e re  in c r e a s in g ly
p la s m o ly z e d  a s  th e  d i s e a s e  p r o g r e s s e d .  C lo g g in g  of th e  xy lem  v e s s e l s  
w a s  n e v e r  o b s e rv e d  in  any  of th e  t i s s u e s  s tu d ie d .
W h ite  (60), in  fu r th e r  s t u d i e s ,  sh o w ed  th a t  w hen  T a b a sc o  
p e p p e r  s c io n s  w e re  g ra f te d  to  root s to c k s  of o th e r  p e p p e r  v a r i e t i e s  
an d  th e n  in o c u la te d  w ith  TEV, w i l t  d id  not o c c u r .  In th e  r e c ip ro c a l  
g r a f t s ,  u s in g  T a b a sc o  p e p p e r  a s  th e  r o o t s to c k ,  w i l t  o c c u r re d .
T o b ac co  e tc h  v i r u s ,  th e  c a u s a l  a g e n t  of T a b a sc o  p e p p e r  w i l t ,  
w a s  f i r s t  d e s c r ib e d  on in f e c te d  to b a c c o  p la n t s  in  K entucky by  John son  
(22). Baw den a n d  K a s s a n i s '  (5) s tu d ie s  on th e  p h y s ic o c h e m ic a l  
p ro p e r t ie s  of TEV re v e a le d  th a t  th e  d i lu t io n  en d  p o in t ,  th e rm a l  i n a c t i ­
v a t io n  p o in t ,  and  ag ing  in  v i tro  w e re  1 /5 0 0 0 ,  58 °C  for 10 m in u te s ,  
and  13 d a y s ,  r e s p e c t iv e ly .
TEV i s  t r a n s m i t te d  m e c h a n ic a l ly  a n d  by  a p h id s  an d  B aw den (4) 
l i s t e d  a s  v e c t o r s : A phis f a b a e  S c o p . ,  A_. rham nl B o y e r , M acro s iph um  
g e l  K och , M v zu s  c lrc u m f le x u s  B u c k so n ,  and  p e r s l c a e  S u l z . Laird 
and  D ic k so n  (30), in  a d d i t io n ,  re p o r te d  A phis a o s s v p l l  G lo v e r .  A. 
s p i r a e c o la  P a t c h . M acro s ip h u m  s o la n l f o l l l l  T h o m a s ,  and  M_. p l s l  
H a rr is  , a s  v e c to r s  .
The h o s t  ran g e  o f TEV in c lu d e s  83 p la n t  s p e c i e s  b e lo n g in g  to 
15 fa m il ie s  (19 , 20 ). F o r ty -fo u r  o f t h e s e  s p e c i e s  b e lo n g  to  th e  fam ily  
S o l a n a c e a e .
G re e n le a f  (14) rep o r te d  C h en o p o d lu m  a lbu m  L. a s  a lo c a l  
l e s io n  h o s t  for TEV. He re p o r te d  th a t  c i r c u la r  l e s io n s  w ith  n e c ro t ic
c e n te r s  su rro u n d ed  by c o n c e n tr ic  red  r in g s  an d  a y e l lo w is h  h a lo  
d e v e lo p e d  in  r e s p o n s e  to  in o c u la t io n  w ith  TEV in  e x t r a c t s  from 
to b a c c o  l e a v e s .  Root a n d  le a f  e x t r a c t s  p rep a red  from in f e c te d  
T a b a sc o  p e p p e r s ,  h o w e v e r ,  f a i le d  to  p ro d u ce  l e s io n s  on C . 
a m a ra n t lc o lo r  (60). The e x p r e s s e d  ju ic e  from C a p s ic u m  f r u te s c e n s  
L. h a s  b e e n  show n  by M cKeen {36) to  c o n ta in  an  in h ib i to r  of TEV 
in fe c t io n  of C h enop od lu m  s p .  The p h y s ic o c h e m ic a l  p ro p e r t ie s  of 
th e  in h ib i to r  in d ic a te  th a t  it i s  a p ro te in  of low m o le c u la r  w e ig h t ,  a s  
it  i s  t h e r m o la b i le , p a s s e s  th ro u g h  a c e l lo p h a n e  m em b ran e , an d  p a r t ia l ly  
p u r i f ie d  p re p a ra t io n s  g iv e  a p o s i t iv e  B iuret t e s t .
P h y s io lo g y  of v i r u s - I n f e c te d  p la n t s
"The e f f e c t s  of v i ru s  in f e c t io n  and  m u lt ip l ic a t io n  on th e  p h y s i ­
o logy  of h o s t  p l a n t s  a re  s t i l l  l i t t l e  u n d e rs to o d .  C o m p ared  w ith  o th e r  
s p e c i a l i t i e s  of v iro lo gy  th e  s u b je c t  h a s  b e e n  n e g l e c t e d . "  The p r e ­
ced in g  s t a te m e n ts  w ere  q u o te d  from th e  m ost re c e n t  re v ie w  a r t i c l e  on 
th e  s u b je c t  w r i t te n  by D ie n e r  {7). In s p i t e  of th e  f ragm en ta ry  and  
c o n tra d ic to ry  in fo rm a tio n  in  th e  l i t e r a tu r e ,  th e re  a re  a few g e n e ra l  
p r in c ip le s  on  w h ich  most w o rk e rs  a g r e e .  The p h y s io lo g ic a l  c h a n g e s  
m ost com m only a s s o c i a t e d  w ith  v iru s  in fe c t io n  a re  su m m arized  by  
D ie n e r  (7) a s  fo l lo w s :  (a) d e c r e a s e d  p h o to s y n th e t ic  a c t iv i ty ;  (b) i n ­
c r e a s e d  r a te  of r e s p i ra t io n ;  (c) a c c u m u la t io n  of s o lu b le  n i tro g e n  
c o m p o u n d s ,  p a r t ic u la r ly  a m id e s ;  (d) I n c r e a s e d  a c t iv i ty  of p o ly p h en o l
o x id a s e  and  a c c u m u la t io n  of o x id iz e d  p o ly p h e n o l  d e r iv a t iv e s ;  and  
(4) d e c r e a s e d  a c t iv i ty  of grow th  re g u la t in g  s u b s t a n c e s .
O w e n 's  (-38) work on th e  e f fe c t  of TEV in fe c t io n  on  p h o to s y n th e s is  
and  r e s p i r a t io n  of to b a c c o  l e a v e s  is  th e  on ly  rep o r t  on  th e  p h y s io lo g y  
of T E V -in fec ted  p l a n t s .  O w en c o u ld  not d e te c t  any  a l t e r a t io n  in  th e  
r a t e s  of p h o to s y n th e s is  and  r e s p i r a t io n  o f  in f e c te d  l e a v e s  u n t i l  
e x te rn a l  sym ptom s w ere  a p p a r e n t . At th a t  t im e  p h o to s y n th e s i s  
d e c r e a s e d  by 20% and  r e s p i r a t io n  i n c r e a s e d  by ab o u t 40% ov er  th e  
c o n t r o l .
MATERIALS AND METHODS
A s e v e r e  s t r a in  of TEV w a s  m a in ta in e d  a n d  in c r e a s e d  in  to b a c c o  
p l a n t s ,  N lc o t la n a  ta b a c c u m  L. v a r .  H a v an a  4 2 5 .  S y s te m ic a l ly  in fe c te d  
to b a c c o  l e a v e s  h a rv e s te d  10 to  14 d a y s  a f te r  in o c u la t io n  w e re  u s e d  a s  
a  so u rc e  of th e  v iru s  in ocu lu m  for a l l  t e s t s .  The in o cu lu m  w a s  p r e ­
p a re d  by g r in d in g  in fe c te d  l e a v e s  in  a m ortar w ith  w a te r  a t  a  r a t io  
of 1:5 { w /v ) . The l e a v e s  of th e  t e s t  p la n t s  to  b e  in o c u la te d  w e re  
d u s te d  w ith  C arborundum  an d  th e n  ru b bed  w ith  a  c h e e s e c lo th  pad  p r e ­
v io u s ly  d ip p ed  in  th e  v iru s  in o c u lu m . L e a v e s  d u s te d  w ith  C arborundum  
w e re  rubb ed  w ith  d i s t i l l e d  w a te r  a s  a c o n tro l .
The p e p p e r  v a r i e t i e s  C a p s ic u m  f r u te s c e n s  L. v a r .  T a b a s c o  and  
C a l i fo rn ia  W o n d e r ,  an d  C a p s ic u m  annum  L. v a r .  C a y e n n e  w e re  u s e d  
in  t h e s e  s tu d ie s  . The l a t t e r  two v a r i e t i e s  do not w il t  a s  a r e s u l t  of 
TEV in fe c t io n  bu t d e v e lo p  v e in  c le a r in g  a n d  m ottl in g  of th e  young 
l e a v e s . P ep p e r  s e e d s  w e re  sow n in  v e rm ic u l i te  k ep t  m o is t  w ith  a 
m odified  Hoag l a n d 's  n u tr ie n t  s o lu t io n .  S e e d l in g s  in  th e  2 -3  le a f  
s t a g e  w ere  s e l e c t e d  for un iform ity  and  w e re  t r a n s fe r r e d  to  w a s h e d  
w h i te  s a n d  s u p p le m e n te d  w ith  n u tr ie n t  s o l u t io n s .  The p la n t s  w e re  
th e n  p la c e d  in  a  c o n tro l le d  ch am b er  a t  2 4 -2 6 ° C  w ith  a  14-h o u r  d a i ly  
l ig h t  p e r io d .
S e e d s  of C h en opo d iu m  a m a ra n t lc o lo r  C o s te  & R eyn . , a lo c a l
«
l e s io n  h o s t  for TEV, w e re  sow n in  v e rm ic u l i te  k e p t  m o is t  w ith  n u tr ie n t  
s o lu t io n .  In d iv id u a l  s e e d l in g s  w e re  t r a n s fe r r e d  t o  8 in ch  p o ts
c o n ta in in g  4 p a r ts  lo a m , 2 p a r ts  p e a t ,  a n d  1 part  s a n d .  Vigorous 
grow th  w a s  m a in ta in e d  th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d  so  th a t  
th e  l a r g e ,  b road  l e a v e s  th a t  p ro d u ce  c l e a r ,  sh a rp  l e s io n s  w ould  
d e v e l o p .
M e th o d s  for rem o v a l of th e  in h ib i to r  in  p e p p e r  e x t r a c t
S in c e  th e  e x p r e s s e d  Ju ic e  from p e p p e r  p l a n t s  c o n ta in s  an  in h ib i to r  
of TEV in fe c t io n  of C h en o p o d iu m  s p .  , a t te m p ts  w e re  m ade to  rem ove th e  
in h ib i to r  w ith o u t  in te r fe r in g  w ith  v i ru s  i n f e c t i v i t y . V arious  m ethods 
for c la r ify in g  c ru d e  ju ic e  w e re  t e s t e d ;  t h e s e  w e re  a d a p te d  from 
C o rb e t t 's  (6) w ork on th e  p u r i f ic a t io n  of p o ta to  v i ru s  X. Leaf e x t r a c t s  
from T E V -in fec ted  to b a c c o  l e a v e s  w e re  in c lu d e d  in  th e  e x p e r im e n ts ,  
a s  a m e a su re  of th e  e f fe c t  of th e  v a r io u s  t r e a tm e n ts  on  v iru s  in f e c t iv i ty .  
The c ru d e  ju ic e  o b ta in e d  from T a b a s c o  p e p p e r  ro o ts  a t th e  f i r s t  day  of 
w i l t  and  from in f e c te d  to b a c c o  l e a v e s  w a s  s u b j e c t e d  to  c e n t r i fu g a t io n  
a t  3000 rpm for 15 m in u te s  in  a S S -34  ro to r  of th e  m odel R C -2 S e rv a l l  
c e n t r i f u g e .  A liqu o ts  of c ru d e  j u ic e  a n d  th e  s u p e r n a ta n t  r e s u l t in g  from 
low s p e e d  c e n t r i fu g a t io n  w e re  t e s t e d  for in f e c t iv i ty  o n  Q .  a m a r a n t i c o lo r .
One a l iq u o t  of th e  s u p e r n a ta n t  w a s  m ixed  w ith  a c t iv a t e d  c h a r ­
c o a l  (M erck  N . F .  Powder) a t  t h e  r a t e  of 0 .  1 g / m l .  The m ix tu re  w a s  
s t i r r e d  o c c a s io n a l ly  for 30 m in u te s  and  th e n  f i l t e r e d  th ro u g h  W h a tm an  
N o . 1 f i l t e r  p a p e r  in  a  B uchner fu n n e l .  The f i l t r a t e  w a s  th e n  a s s a y e d  
for in f e c t iv i ty  on  a m a r a n t i c o lo r . A s e c o n d  a l iq u o t  in  a n  e q u a l  
volum e of ch lo ro fo rm  w a s  s h a k e n  for 5 m in u t e s . The r e s u l t in g
em uls ion  w a s  b roken  by c e n tr i fu g a t io n ,  th e  l ig h t  brown aq ueous  
p h a se  d e c a n te d  and  a s s a y e d  for in f e c t iv i ty .  F if teen  h a lf  l e a v e s  of
C . a m a ran tico lo r  w ere  u s e d  for each  t r e a tm e n t .
The in fe c t iv i ty  of p h e n o l-w a te r  e x t r a c ts  of TEV -infected  to b a c c o  
le a v e s  and  T a b a sc o  pep p er  roo ts  a l s o  w a s  in v e s t ig a te d .  The p ro c e ­
dure u se d  w a s  e s s e n t i a l l y  th a t  d e v e lo p ed  by S c h le g e l  (49). P lant 
t i s s u e s  w e re  ground in  a  c h i l le d  m ortar w ith  4 t im e s  th e i r  w e ig h t  of 
a co ld  1:1 m ixture of w a te r - s a tu r a te d  pheno l and 1% te tra so d iu m  pyro^ 
p h o sp h a te  s o lu t io n .  The r e s u l t in g  e m u ls io n  w a s  th e n  cen tr ifu g e d  for 5 
m inutes  a t  6000 rpm . The a q u eo u s  p h a se  (con ta in ing  th e  n u c le ic  acid) 
w a s  w ith d raw n  and th e  e x c e s s  pheno l w a s  rem oved by  3 e th e r  w a s h in g s .  
The n u c le ic  a c id  w a s  th e n  p re c ip i ta te d  by th e  a d d it io n  of 2 volum es 
of co ld  95% e th a n o l  to  one volum e of a q u eo u s  p h a s e .  The p re c ip i ta te  
w a s  se d lm e n te d  by c e n tr ifu g a t io n  at 6500 rpm for 10 m in u te s ,  and  th e  
p e l le t  c o n ta in in g  th e  n u c le ic  a c id  w a s  r e s u s p e n d e d  in  co ld  1% K2HPO4 . 
T his m ate r ia l  w a s  t e s t e d  for in fe c t iv i ty  on Q_. a m aran tlco lo r  and  
T a b a sc o  p e p p e r .
Virus t i t e r  in  root e x t r a c t s  from 3 pepper v a r ie t i e s
Inocu lation  of a sy stem ic  host w ith se r ia l d ilu tion s of a virus 
preparation can a lso  be used  to m easure virus con cen tration , although  
it i s  l e s s  s e n s it iv e  than the lo c a l- le s io n  tech n iq u e .
To e s t im a te  th e  v iru s  t i t e r  of root e x t r a c t s  from th e  3 pepper  
v a r i e t i e s ,  5 p la n ts  of e a c h  v a r ie ty  w ere  in o c u la te d  w ith  a s ta n d a rd
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in o c u lu m . W h en  th e  T a b a sc o  p e p p e r  p la n ts  w e re  j u s t  s t a r t in g  to  w i l t ,  
roo t s a m p le s  o f e q u a l  w e ig h ts  w e re  h a r v e s te d  from a l l  3 p e p p e r  
v a r i e t i e s .  Root e x t r a c t s  w e re  p rep a red  a n d  1 :10 , 1 :100 , an d  1:1000 
d i lu t io n s  o f th e  e x t r a c t s  w e re  m a d e .  T w enty  T a b a s c o  p e p p e r  p la n ts  
w e re  u s e d  for th e  a s s a y  of v i ru s  in f e c t iv i ty  of e a c h  d i lu t io n .  I n f e c ­
t iv i ty  of e a c h  d i lu t io n  w a s  b a s e d  on  th e  num ber of w i l te d  p la n t s  6 , 8 , 
and  15 d a y s  a f te r  i n o c u la t io n .  T h ese  e x p e r im e n ts  w e re  m ade tw ic e .
R ecovery  o f w i l te d  T a b a s c o  p e p p e r  p la n ts
G re e n le a f  (14) sh o w ed  th a t  w i l te d  T a b a s c o  p e p p e r  p la n t s  w ou ld  
ra p id ly  re c o v e r  i f  t h e i r  s te m s  w e re  s e v e r e d  a n d  p la c e d  in  w a te r .  W h ite  
(59), u s in g  th e  sam e  p ro c e d u re ,  sh o w ed  th a t  p la n t s  w h ic h  h a d  b e e n  
w i l te d  for 12-24 hou rs  a n d  5 -1 2  d a y s  r e c o v e re d  w i th in  10 h o u r s ,  
w h e re a s  p la n t s  w h ich  h a d  b e e n  w i l te d  for 25 d a y s  or more d id  not 
r e c o v e r .  E xperim en ts  w e re  s e t  up to  s tu d y  w h e th e r  w i l te d  p la n ts  
w o u ld  re c o v e r  if  p la c e d  in  w a te r  a f te r  th e i r  root t ip s  w e re  e x c i s e d .  
In fe c te d  T a b a s c o  p e p p e r  p la n t s  w h ic h  h a d  b e e n  w i l te d  for 1, 5 , and 
10 d a y s  w e re  u s e d .  As c o n t r o l s ,  s im i la r  p la n ts  w e re  e i t h e r  c u t  a t th e  
b a s e  of th e  s tem  an d  p la c e d  in  w a te r ,  o r p l a c e d ,  i n t a c t ,  in  w a te r .
P e rm e a b il i ty  c h a n g e  d e te rm in a t io n
Tw enty T a b a s c o  p e p p e r  p la n t s  in  th e  4 -5  le a f  s t a g e  w ere  
rem oved  from th e  s a n d  and th e  ro o ts  w e re  th o ro u g h ly  r i n s e d .  The 
ro o ts  o f  in d iv id u a l  p la n t s  w e re  th e n  p la c e d  in  50 ml d i s t i l l e d  w a te r
of p re d e te rm in e d  e l e c t r i c a l  c o n d u c t iv i t y . The p la n t s  w e re  d iv id e d  in to
2 g ro u p s  of 10 p la n t s  e a c h .  O ne g roup  w a s  in o c u la te d  by rubb ing  th e
3 o ld e s t  l e a v e s  w ith  th e  v iru s  in o c u lu m , an d  th e  o th e r  w a s  rubbed  
w ith  d i s t i l l e d  w a te r  a s  a  n o n in o c u la te d  c o n t r o l .  P e rm e a b il i ty  c h a n g e s  
w e re  e s t im a te d  from c h a n g e s  In  th e  e l e c t r i c a l  c o n d u c t iv i ty  of d i s t i l l e d  
w a te r  in  w h ic h  th e  ro o ts  w e re  s u s p e n d e d .  M e a s u re m e n ts  of th e  
e l e c t r i c a l  c o n d u c t iv i ty  o f th e  a m b ien t  s o lu t io n s  w e re  m ade a t 12-h o u r  
in te rv a l s  a f te r  in o c u la t io n  w ith  a  c o n d u c t iv i ty  b r id g e  an d  th e  s p e c i f i c  
c o n d u c ta n c e  in  r e c ip ro c a l  ohms (mhos) w a s  c a l c u l a t e d .  T h e s e  e x p e r i ­
m en ts  w e re  r e p e a te d  a t  l e a s t  5 t im e s .
As a  s e c o n d  c o n tr o l ,  p e rm e a b i l i ty  c h a n g e s  in  s y s te m ic a l ly  i n ­
f e c te d  l e a v e s  of T a b a s c o  p e p p e r  p la n t s  w e re  d e te r m in e d .  At 2 4 -h o u r  
in te r v a l s  a f te r  in o c u la t io n ,  8 l e a f  d i s c s ,  o f  13 mm d ia m e te r ,  w e re  cu t  
from in d iv id u a l  p l a n t s  w ith  a co rk bo re r  an d  th e n  w ra p p e d  in  c h e e s e ­
c lo th  b a g s  bound  w ith  rubber b a n d s .  F ive  s a m p le s ,  from in f e c te d  or 
h e a l th y  p l a n t s ,  w e re  u s e d  for e a c h  d e te rm in a t io n .  The b a g s  c o n ta in in g  
in fe c te d  and  h e a l th y  t i s s u e s  w e re  p la c e d  in d iv id u a l ly  in  250 ml f l a s k s  
c o n ta in in g  50 ml of d i s t i l l e d  w a t e r .  The f l a s k s  w e re  s h a k e n  for 10 
hours  and  th e  e l e c t r i c a l  c o n d u c t iv i ty  of th e  t i s s u e  b a th in g  s o lu t io n s  
w a s  m e a su re d  w ith  a  c o n d u c t iv i ty  b r id g e  a n d  th e  s p e c i f i c  c o n d u c ta n c e  
in  m hos c a l c u l a t e d .
As a  th i rd  c o n tr o l ,  th e  p e rm e a b i l i ty  c h a n g e s  in  ro o ts  of C a l i fo rn ia  
W o n d e r ,  a  v a r ie ty  o f p e p p e r  th a t  i s  s u s c e p t ib l e  to  TEV bu t d o e s  not
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w il t  a s  a  r e s u l t  of in f e c t io n ,  w e re  d e te rm in e d  in  p a ra l le l  e x p e r im e n ts  
u s in g  both  C a l i fo rn ia  W o nder  a n d  T a b a s c o  p e p p e r .
R esp ira to ry  r a te  d e te rm in a t io n
The c h a n g e s  in  th e  r e s p i ra to ry  r a t e s  of l e a v e s  an d  ro o ts  o f  th e  
3 p e p p e r  v a r i e t i e s  w e re  d e te rm in e d  by  W a rb u rg ’s d i re c t  m ethod  (52). 
M e a s u re m e n ts  of th e  re s p i ra to ry  r a t e s  w e re  m ade w ith  e i th e r  a 
P re c is io n  c o n s ta n t  vo lum e re s p i ro m e te r  or a  G i l s o n  d i f f e r e n t ia l  
re sp i ro m e te r .
To m ea su re  th e  r e s p i ra to ry  r a t e s  o f s y s te m ic a l ly  in fe c te d  and  
h e a l th y  l e a v e s ,  s a m p le s  of 7 l e a f  d i s c s  e a c h  w e re  p u n c h e d  from in d i ­
v id u a l  p la n t s  w ith  a N o . 7 c o rk b o re r .  The sa m p lin g  p r o c e s s  w a s  
s ta n d a rd iz e d  so  th a t  le a f  s a m p le s  from bo th  in f e c te d  an d  c o n tro l  p la n ts  
w o u ld  be  of th e  sa m e  a g e .  The f re sh  w e ig h t  of l e a f  d i s c s  w a s  d e t e r ­
m ined so  th a t  the  f in a l  r e s u l t s  c o u ld  be  c o r re c te d  a c c o rd in g ly .  In 
som e c a s e s ,  the  dry m a tte r  c o n te n t  w a s  a l s o  d e te rm in e d .  Four 
s a m p le s ,  from in fe c te d  or c o n tro l  p l a n t s ,  w e re  u s e d  for e a c h  d e t e r ­
m in a t io n .  Im m ed ia te ly  a f te r  w e ig h in g ,  le a f  d i s c s  w e re  p la c e d  in  th e  
m ain  com partm ent of th e  m anom etric  f la s k  w h ic h  c o n ta in e d  1 c c  d i s ­
t i l l e d  w a te r  w ith  0 .2  c c  20% KOH in  th e  c e n te r  w e l l .  All d e te r m in a ­
t io n s  of l e a f  r e s p i r a t io n  w e re  m ade in  th e  dark  to  p re v e n t  p h o t o s y n t h e s i s . 
The d a ta  w e re  e x p re s s e d  a s  u l o x y g e n  u p ta k e  per  200 mg f re sh  w t per 
h o u r .  In som e i n s t a n c e s ,  w h e n  dry w e ig h t  w a s  d e te rm in e d ,  r e s u l t s  
w e re  p r e s e n te d  a s  u l O 2 pe r  mg dry w t pe r  h o u r .
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For d e te rm in in g  th e  re s p i ra to ry  r a t e s  of th e  r o o t s ,  3 0 0 -5 0 0  mg 
(fresh  wt) s a m p le s  of root t i s s u e  w e re  t a k e n  from in d iv id u a l  p la n t s  
and  p la c e d  in  th e  m ain co m partm en t of th e  m anom etric  f l a s k s . The 
f l a s k s  c o n ta in e d  2 c c  d i s t i l l e d  w a te r  w ith  0 .2  c c  20% KOH in  th e  
c e n te r  w e l l .  In som e e x p e r im e n ts  w ith  T a b a s c o  p e p p e r  r o o t s ,  no 
w a te r  w a s  a d d e d  to  th e  m ain com partm en t but 0 .5  c c  d i s t i l l e d  w a te r  
w a s  p la c e d  in  th e  s id e  a rm . Four s a m p le s  from in f e c te d  o r c o n tro l  
p la n ts  w e re  u s e d  for e a c h  d e te rm in a t io n .  The d a ta  weae e x p r e s s e d  a s  
ul O 2 p e r  500 mg f resh  w t p e r  h o u r .  In  som e e x p e r im e n ts  to ta l  n i tro g e n  
of root s a m p le s  w a s  d e te rm in e d  a n d  r e s u l t s  w e re  p r e s e n te d  a s  ul O 2 
pe r  mg N p e r  h o u r .
The b a th  te m p e ra tu re  w a s  30°C  an d  a  th e rm a l  e q u i l ib ra t io n  p e riod  
of 20 m in u te s  w a s  a l lo w e d  in  a l l  e x p e r im e n ts .
Q u a n t i t a t iv e  a n a l y s i s
T o ta l  n i t ro g e n  w a s  d e te rm in e d  e i th e r  by a m o d if ic a t io n  of th e  
d i re c t  N e s s le r i z a t io n  m ethod  of Koch a n d  M c M e e k in  (27) or by th e  
M ic ro -K je ld a h l  m e th o d . For N e s s l e r i z a t i o n ,  5 ml of th e  t e s t  sa m p le  
w e re  d ig e s te d  w i th  1 ml of 50% s u l fu r ic  a c id  a n d  a q u a r tz  p e b b le .
After d ig e s t i o n ,  s a m p le s  w e re  t r a n s f e r r e d  to  a  50 ml v o lu m e tr ic  f la s k  
w ith  ab o u t  35 ml o f w a t e r .  After sw ir l in g  th e  c o n te n ts  o f th e  f l a s k ,
12 ml of N e s s l e r ' s  r e a g e n t  w e re  a d d e d  a n d  th e  vo lum e w a s  m ade up 
to  50 ml w ith  w a t e r .  The m ix ture  w a s  a l lo w e d  to  s ta n d  for 10 m in u te s
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for c o lo r  d e v e lo p m e n t a n d  t h e  t r a n s m i t ta n c y  w a s  d e te rm in e d  a t  425 mu 
w ith  a B ausch  & Lomb S p e c tro n ic  20 c o lo r im e te r .  A s ta n d a rd  c u rv e  
w a s  p rep a red  by  ad d in g  N e s s l e r ' s  r e a g e n t  to  v a r io u s  d i lu t io n s  of 
amm onium  s u l f a te  (0 .4 7 1 6  g ram s of amm onium  s u l f a te  d i lu te d  to  one  
l i t e r  w ith  0 . 2N su l fu r ic  a c id  c o n ta in in g  0 . 1  mg of n i tro g e n  p e r  m l) .
The p ro ce d u re  d e s c r ib e d  by H a ll  an d  H a c s k a y lo  (15) for to ta l  n i tro g en  
d e te rm in a t io n  by th e  M ic ro -K je ld a h l  m ethod w a s  fo l lo w ed  e x a c t ly .
In o rg a n ic  p h o sp h o ru s  w a s  d e te rm in e d  by a m o d if ica t io n  of th e  
m ethod of F is k e  a n d  Subbarow  (10). Two ml of t e s t  sa m p le  w e re  d i lu te d  
to  14 ml w ith  d i s t i l l e d  w a te r  in  a t e s t  t u b e .  Four ml of ammonium 
m o ly b d a te  r e a g e n t  an d  2 ml of a m in o - n a p h th o l - s u l fo n ic  a c id  w e re  
a d d e d  to  th e  tu b e  c o n te n ts  a n d  th e n  a l lo w e d  to  s ta n d  for 15 m inu tes  
b e fo re  m e a su re m e n ts  of c o lo r  i n te n s i ty  a t  660 mu w e re  m a d e .  A 
s ta n d a rd  cu rv e  w a s  p re p a re d  u s in g  m o n o b a s ic  sod ium  p h o s p h a te  (0 .0 8 9  
gram  d i s s o lv e d  a n d  m ade up to  one  l i t e r  w ith  w a te r  c o n ta in s  0 . 0 2  mg 
p h o sp h o ru s  p e r  m l) .
Sodium  (N a), p o ta s s iu m  (K), an d  c a lc iu m  (Ca) w e re  d e te rm in e d  
by f lam e p h o to m e tr ic  t e c h n iq u e s .  S ta n d a rd  c u rv e s  for N a ,  K, and  C a  
w e re  m ade u s in g  a  B eckm an DB flam e p h o to m e te r .  Sodium  w a s  d e t e r ­
m ined  a t 589 mu w i th  a  s l i t  w id th  of 0 .0 5  mm; p o ta s s iu m  a t  767 mu 
and  s l i t  w id th  of 0 .2 0  mm; an d  c a lc iu m  a t  423 mu and  a 0 .0 5  mm s l i t  
w id th .  F u e l  s e t t i n g s  of 15 p s i  of o x y g e n  a n d  3 p s i  of a c e ty le n e  w ere  
u s e d  for a l l  t e s t s .  The am ount of e a c h  c a t io n  in  t e s t  s a m p le s  w a s  
d e te rm in e d  by in te rp o la t io n  in  th e  s ta n d a rd  c u rv e .
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C h lo ro g e n lc  a c id  w a s  d e te rm in e d  by  p a p e r  c h ro m a to g ra p h ic  
s e p a r a t io n  fo llow ed  by  u l t r a v io le t  sp e c t ro p h o to m e tr ic  a s s a y  u s in g  th e  
p ro ce d u re  d e s c r ib e d  by Lee an d  LeT ourneau  (31). C h lo ro g e n lc  a c id  w a s  
l o c a te d  on  th e  ch rom ato g ram s by e x a m in a t io n  in  u l t r a v io le t  l i g h t . The 
p o s i t io n  of th e  b lu e  f lu o re s c e n t  sp o t  of c h lo ro g e n lc  a c id  w a s  v e r i f ie d  
by in c lu d in g  know n c h lo ro g e n ic  a c id  a lo n g s id e  th e  u n k n o w n . The 
f lu o re s c e n t  sp o t  of c h lo ro g e n ic  a c id  w a s  c u t  o u t ,  e lu te d  in  2 e x t r a c t io n s  
w ith  70% e th a n o l ,  a n d  an  a l iq u o t  o f th e  e lu a te s  w a s  u s e d  for a b s o rp t io n  
m e a su re m e n ts  a t  325 mu in  a  B eckm an DB sp e c t ro p h o to m e te r .  A s ta n d a rd  
c u rv e  w a s  p re p a re d  by fo llow ing  th e  sam e  p ro c e d u re  w ith  know n am o un ts  
of c h lo ro g e n ic  a c i d .  The am ount of c h lo ro g e n ic  a c id  in  th e  unknow n w a s  
d e te rm in e d  by in te rp o la t io n  in  th e  s ta n d a rd  c u r v e .
T o ta l  o r th o d ih y d r ic  p h e n o ls  w e re  d e te rm in e d  w ith  th e  Arnow 
r e a g e n t  u s in g  th e  p ro c e d u re  of Jo h n so n  a n d  S c h a a l  (24).
A sco rb ic  a c id  w a s  d e te rm in e d  by a m o d if ic a t io n  o f  th e  m ethod  of 
Roe and  K uether (46) u s in g  th e  2 ,4 - d in i t r o p h e n y l - h y d r a z in e  r e a g e n t .
The m od if ied  m ethod d e s c r ib e d  by H a ll  a n d  H a c s k a y lo  (15) w a s  fo l lo w ed  
e x a c t l y .  In  som e e x p e r im e n ts ,  a s c o r b ic  a c id  in  3% (w /v) m e ta p h o sp h o r ic  
a c id  e x t r a c t s  w a s  d e te rm in e d  by M o r e l l 's  (37) m ethod  u s in g  th e  i n d i ­
c a to r  2:6 d ic h lo ro p h e n o l - in d o p h e n o l .
Enzvme a s s a y s
In o rd e r  to  s tu d y  th e  c h a n g e s  in  th e  a c t iv i ty  of s o lu b le  o x id a s e s  
in  ro o ts  of th e  3 p e p p e r  v a r i e t i e s ,  t i s s u e  w a s  h o m o g e n iz e d  u s in g  a
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s ta n d a rd  p ro ce d u re .  Three g sa m p le s  (fresh  wt) of root t i s s u e  w ere  
hom ogen ized  in  10 ml 0 .1 5  M p h o sp h a te  b u ffe r ,  pH 6 . 0 ,  in  a S e rv a l l  
O m ni-m ixer ,  a t  11 ,000  rpm for 2 m in . The r e s u l t in g  hom og en a te  w a s  
s t ra in e d  through 4 la y e r s  of c h e e s e c lo th  and th e  f i l t r a t e ,  w h ic h  w i l l  be 
re fe rred  to  a s  root e x t r a c t ,  w a s  c o l l e c te d  and  p la c e d  in  an  i c e  b a th  
u n t i l  u s e d .  Boiled root e x t r a c t s  se rv ed  a s  c h e c k s .  Three sa m p le s  
from in fe c te d  or c o n tro l  p la n ts  w e re  u s e d  for e a c h  d e te rm in a t io n .
Polypheno l o x id a s e  and  th e  e n zy m atic  o x id a t io n  of a s c o rb ic  a c id  
w ere  d e te rm in ed  m anom etrica lly  w ith  a  G i ls o n  d i f fe re n t ia l  r e s p i ro m e te r .  
Two ml of root e x tra c t  w e re  p la c e d  in  th e  main com partm ent of th e  
m anom etric  f l a s k s  w h ich  c o n ta in e d  0 .2  ml of 20% KOH in  th e  c e n te r  
w e l l s .  O n e -h a l f  ml of 0 .0 1  M c h lo ro g e n ic  a c id  or 0 .0 2 8  M a s c o rb ic  
a c id  in  0 .1 5  M p h o sp h a te  b u ffe r ,  pH 6 . 0 ,  w a s  a d d e d  to  th e  s id e  a rm s .  
D u p l ic a te  or t r ip l i c a te  f l a s k s  w e re  u s e d  for e a c h  s a m p le .  The f la s k s  
w ere  e q u il ib ra te d  a t  30°C  for 20 m in, th e  m anom ete rs  w e re  c lo s e d ,  
an d  3 re a d in g s  w ere  m ade at 10-m ln in te rv a ls  b eg in n in g  a t  ze ro  t im e .  
The s id e  arm c o n te n ts  th e n  w ere  t ip p e d  in to  th e  m ain com p artm en ts  and  
re a d in g s  w ere  c o n tin u e d  for an  a d d i t io n a l  40 m in.
P e ro x id a se  w a s  d e te rm in ed  using  a s l ig h t  m o d if ica t io n  of th e  
method d e s c r ib e d  by Hamptom (16). Three  ml of 0 .0 5  M p y ro g a l lo l  in  
0 .0 15  M p h o sp h a te  buffer a t  pH 6 .0  p lu s  0 .2  ml of root e x tra c t  in  a 
co lo r im e te r  tu b e  w ere  a d ju s te d  to  0 o p t ic a l  d e n s i ty  a t  420 mu us ing  
a B ausch  & Lomb S p ec tro n ic  20 c o lo r im e te r .  O n e -h a l f  ml of 1% H2O 2
w a s  a d d ed  and th e  tu b e  w a s  in v e r te d  to  mix th e  c o n te n ts  and  r e in s e r te d  
in  th e  c o lo r im e te r .  The tim e  req u ired  for th e  o p t ic a l  d e n s i ty  to  i n c r e a s e  
from 0 .1  to  0 .3  w as  m easu red  w ith  a s to p w a tc h .  The enzym e a c t iv i ty  
w a s  a s su m e d  to  be  in v e r s e ly  p ro p o rtiona l  to  th e  t im e  req u ire d  for th e  
ch an g e  in  th e  o p t ic a l  d e n s i t y .
EXPERIMENTAL RESULTS
In fe c t lv i ty  t e s t s  w ith  roo t e x t r a c t s
No l e s io n s  w e re  p ro d u c e d  w h e n  p e p p e r  roo t e x t r a c t  w a s  rubbed  
o n to  O henopod ium  l e a v e s , w h e r e a s  to b a c c o  l e a f  e x t r a c t  p ro d u ced  
a b u n d a n t^ le s io n s  (F ig . 1).
V arious m e th o d s  of c l a r i f i c a t io n  w e re  a p p l ie d  to  th e  c ru d e  e x t r a c t  
of T a b a s c o  p e p p e r  ro o t  in  an  a t te m p t  to  rem ove  th e  v i ru s  in h ib i to r  
w h ic h  p re v e n ts  TEV In fe c t io n  o f  Q .  a m a r a n t l c o lo r . D a ta  o b ta in e d  
from t h e s e  e x p e r im e n ts  a re  su m m arize d  in  T ab le  1. N one of t h e s e  
s u c c e e d e d  in  e l im in a t in g  th e  in h ib i to r  w ith o u t  l o s s  of v i r u s .  R e s u l ts  
o b ta in e d  w ith  to b a c c o  l e a f  e x t r a c t  (T able  1, F i g . 2) i n d ic a te d  th a t  c h a r ­
c o a l  a d s o rp t io n  and  ch lo ro fo rm  e m u ls io n  t r e a tm e n ts  e i th e r  d e c r e a s e d  or 
d e s t ro y e d  v i ru s  i n f e c t i v i ty .  Low s p e e d  c e n t r i f u g a t io n ,  h o w e v e r ,  r e s u l te d  
in  on ly  a  sm a l l  l o s s  o f in f e c t iv i ty  (T able  1).
P h e n o l r w a te r  e x t r a c t s  of T E V -in fec ted  T a b a s c o  p e p p e r  ro o ts  and  
to b a c c o  l e a v e s  w e re  not i n f e c t iv e  w h e n  a s s a y e d  on T a b a sc o  p e p p e r .
In  in f e c t iv i ty  t e s t s  u s in g  Q.• a m a r a n t l c o lo r . 1-2 l e s i o n s  w e re  p ro d u c e d .  
E x tra c ts  p re p a re d  from c o m p a ra b le  t i s s u e s  g round  in  1% K2HPO4 p ro ­
d u c e d  from 5 0 - 8 0  l e s io n s  per  h a l f - l e a f .
In  o rd e r  to  d e te rm in e  th e  v i ru s  t i t e r  in  t h e  ro o ts  of th e  3 p ep p er  
v a r i e t i e s ,  s e r i a l  d i lu t io n s  o f roo t e x t r a c t s  w e re  p re p a re d  from t h e s e
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T ab le  1. The num ber of l e s io n s  p ro d u ce d  on C h en o p o d lu m  a m a ra n t lc o lo r  
l e a v e s  in o c u la te d  w ith  c ru d e  a n d  c la r i f i e d  e x t r a c t s  o f  TEV- 
in fe c te d  to b a c c o  l e a v e s  an d  T a b a sc o  p e p p e r  r o o t s .
C la r i f ic a t io n  p ro ced u re
N o. of l e s io n s  p e r  h a lf  
S ou rce  of v iru s
- l e a f a
T o b ac co  l e a v e s  T a b a s c o  p e p p e r  roo ts
C rude  ju ic e 60 0
Low s p e e d  c e n t r i fu g a t io n *5 50 0
C h a rc o a l  a b s o rp t io n 0 3 1
J
C hlorofo rm  e m u ls io n 0 0
a Each f ig u re  i s  a v e ra g e  of 15 r e p l i c a t i o n s .
^ S u p e rn a ta n t
c F i l t ra te
^A queous p h a s e
Figure  1. Local l e s io n s  p ro d u c e d  on  a n  In o c u la te d  le a f  of
C h enop od lu m  a m a ra n t lc o lo r  bv Ju ic e  from T E V -in fec ted  
to b a c c o  l e a v e s  (left ha lf)  and  T E V -in fec ted  T a b a s c o  
p e p p e r  ro o ts  (right h a l f ) .
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F igure  2 .  The e f fe c t  o f c h a r c o a l  a d s o rp t io n  t r e a tm e n t  on th e  i n f e c ­
t iv i ty  of an  e x t r a c t  o f T E V -in fec ted  to b a c c o  l e a v e s  
d e te rm in e d  by lo c a l  l e s io n  p ro d u c t io n  on  Q_. a m a r a n t lc o lo r . 
Right h a lf  l e a f :  in o c u la te d  w ith  a  c ru d e  e x t r a c t ;  le f t  ha lf :  
in o c u la te d  w ith  f i l t r a te  o b ta in e d  w ith  c h a rc o a l  t r e a tm e n t .
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v a r i e t i e s .  The in f e c t iv i ty  of e a c h  d i lu t io n  w a s  a s s a y e d  on  20 T a b a sc o  
p e p p e r  p la n t s  an d  e s t im a t io n  of th e  v i ru s  t i t e r  w a s  b a s e d  on  th e  
num ber of a s s a y  p la n t s  t h a t  had  w i l te d  6 , 8 , an d  15 d a y s  a f te r  
i n o c u la t io n .  In fe c t iv i ty  of th e  1 /1 0  and  1 /100  d i lu t io n s  of a l l  3 
v a r i e t i e s  w a s  v e ry  s im ila r  for a l l  3 t im e  p e r i o d s . No in fe c t io n  w a s  .. 
o b ta in e d  w i th  1 /1 0 0 0  d i lu t io n s  o f any  of th e  v a r i e t i e s  (Table 2).
R ecovery  of w i l te d  T a b a s c o  p e p p e r  p la n t s  a f te r  e x c i s io n  of root t ip s  
T a b a sc o  p e p p e r  p la n t s  w h ic h  h ad  w i l te d  1 , 5 ,  and  10 d a y s  p r e ­
v io u s ly ,  re c o v e re d  w h e n  th e i r  root t ip s  w e re  e x c i s e d  a n d  th e  p la n t s  w e re  
p la c e d  in  w a te r .  C o rre sp o n d in g  p la n t s  w h ic h  w ere  c u t  a t  th e  b a s e  of the 
s tem  re c o v e re d  in  a s h o r te r  p e r io d  of t im e .  W il te d  p la n t s  w h ich  w e re  
rem oved  from th e  s a n d  a n d  p la c e d  in  w a te r  w ith o u t  e x c i s io n  d id  not 
r e c o v e r .
P e rm e a b il i ty  an d  r e s p i r a to r y  c h a n g e s
P e rm ea b il i ty  c h a n g e s  in  th e  ro o ts  of T E V -in o cu la ted  and  c o n tro l  
T a b a s c o  p e p p e r  p la n t s  w e re  d e te rm in e d  a t  12-h o u r  i n te r v a l s  during th e  
144 hours  a f te r  i n o c u la t io n .  A m arked  r e l e a s e  of e l e c t r o l y t e s ,  i n d i c a ­
t iv e  of p e rm e a b i l i ty  c h a n g e ,  w a s  d e te c te d  2 4 -48  ho u rs  b e fo re  th e  
in o c u la te d  p la n t s  s t a r t e d  to  w i l t  (F ig . 3 ) .  The l o s s  of e le c t r o ly te s  
i n c r e a s e d  s t e a d i ly  t h e r e a f t e r .  No su c h  r e l e a s e  of e le c t r o ly te s  w a s  
o b ta in e d  w ith  n o n in o c u la te a  c o n tro l  p l a n t s .
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T ab le  2 .  A ssa y  of v iru s  In fe c t iv i ty  of s e r i a l  d i lu t io n s  o f roo t e x t r a c t s  
from 3 p e p p e r  v a r i e t i e s  on  T a b a s c o  p e p p e r  p l a n t s .
N o .  of w i l te d  T a b a s c o  p l a n t s 3 
S o u rc e  of D av s  a f te r  in o c u la t io n
roo t e x t r a c t D ilu t io n 6 8 15
T a b a s c o 1 /1 0 12 20 20
1 /1 0 0 4 15 17
1 /1 0 0 0 0 0 0
C a y e n n e 1 /1 0 14 20 20
1 /1 0 0 3 15 16
1 /1000 0 0 0
C a l i fo rn ia  W o nder 1 /1 0 12 20 20
1 /1 0 0 3 14 16
1 /100 0 0 0 0
aT w enty  T a b a s c o  p e p p e r  p la n t s  w e re  u s e d  for th e  a s s a y  o f e ac h  
d i lu t io n .
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P e rm ea b il i ty  c h a n g e s  in  s y s te m ic a l ly  in fe c te d  l e a v e s  of T a b a sc o  
p e p p e r  p la n t s  w e re  d e te rm in e d  a s  a  s e c o n d  c o n t r o l .  No d i f f e r e n c e s  in  
p e rm e a b i l i ty  w e re  d e te c t e d  b e tw e e n  s y s te m ic a l ly  in f e c te d  an d  h e a l th y  
l e a v e s  during  th e  144 h o u rs  a f te r  in o c u la t io n  (F ig . 3 ) .
As a th ird  c o n t r o l ,  p e rm e a b i l i ty  c h a n g e s  in  th e  ro o ts  of TEV- 
in o c u la te d  an d  c o n tro l  C a l i fo rn ia  W o n d er  p l a n t s ,  a  v a r ie ty  of p ep p er  
th a t  d o e s  not w i l t  a s  a  r e s u l t  of i n f e c t i o n ,  w e re  d e te rm in e d .  R e su l ts  
o b ta in e d  from t h e s e  e x p e r im e n ts  sh o w ed  no l o s s  o f e l e c t r o ly te s  from 
e i th e r  th e  in o c u la te d  or th e  n o n in o c u la te d  c o n tro l  p la n t s  (F ig . 4 ) .
In  o rd e r  to  p ro v id e  more d e ta i l e d  in fo rm a tio n ,  q u a l i t a t iv e  an d  
q u a n t i t a t iv e  d e te rm in a t io n s  o f  s u b s t a n c e s  an d  e l e c t r o ly te s  r e l e a s e d  
from th e  ro o ts  o f in o c u la te d  T a b a sc o  p e p p e r  p la n t s  w e re  m a d e .  At th e  
t im e  th e  i n i t i a l  i n c r e a s e  in  e l e c t r i c a l  c o n d u c t iv i ty  o f th e  a m b ie n t  s o l u ­
t io n s  o c c u r r e d ,  t h e s e  s o lu t io n s  w e re  a n a ly z e d  for t o t a l  n i t ro g e n  (N), 
in o rg a n ic  p h o sp h o ru s  (P ) , c a lc iu m  (C a ) ,  p o ta s s iu m  (K), an d  sod iu m  
(N a ) . The r e s u l t s  o b ta in e d  from t h e s e  t e s t s  sh o w ed  th a t  K a n d  Na bu t 
not N , P , or C a  w e re  p re s e n t  in  th e  a m b ien t  s o lu t io n s  a t  th e  t im e  of 
i n i t i a l  i n c r e a s e  in  c o n d u c t iv i ty .  The a m b ien t  s o lu t io n s  in  th e  c a s e  of 
in o c u la t e d  p la n t s  c o n ta in e d  f iv e  t im e s  a s  much K a n d  th r e e  t im e s  a s  
m uch Na a s  th e  c o n tro l  (F ig . 5 ) .  From 2 4 -4 8  h o u rs  l a t e r ,  w h e n  th e  
in o c u la te d  p la n t s  h a d  s t a r te d  to  w i l t ,  s t i l l  h ig h e r  v a lu e s  of K w e re  
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Figure  3 .  C h a n g e s  in  th e  e l e c t r i c a l  c o n d u c t iv i ty  of th e  t i s s u e  b a th in g  
s o lu t io n  o f l e a v e s  an d  ro o ts  o f T E V -in fected  a n d  c o n tro l  
T a b a s c o  p e p p e r  p la n t s  du ring  th e  144 ho u rs  a f te r  in o c u la t io n .  









H e a l th y
In fe c te d
120 14424 48 72 86
H ours a f te r  In o c u la t io n
Figure  4 .  C h a n g e s  in  th e  e l e c t r i c a l  c o n d u c t iv i ty  o f th e  am b ien t  s o lu ­
t io n s  o f ro o ts  of T E V -in fected  a n d  c o n tro l  C a l i fo rn ia  W onder 
p e p p e r  p la n t s  du ring  th e  144 h o u rs  a f te r  in o c u la t io n .  The 
arrow  re fe r s  to  th e  t im e  a t  w h ic h  v e in  c le a m in g  an d  m ottling  
sym ptom s a p p e a re d  on  young l e a v e s .
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Figure  5 .  The am o un ts  o f K a n d  Na d e te c t e d  in  th e  am b ien t  s o l u ­
t io n s  of ro o ts  o f  T E V -in fec ted  an d  c o n tro l  T a b a s c o  
p e p p e r  p la n ts  a t  th e  t im e  of i n i t i a l  c h a n g e  in  p e rm e a b i l i ty .
28
It w a s  of in t e r e s t  to  d e te rm in e  i f  TEV w a s  p r e s e n t  in  th e  roo t 
t i s s u e s  a t  th e  t im e  th e  i n i t i a l  i n c r e a s e  in  p e rm e a b i l i ty  o c c u r r e d .  
In fe c t iv i ty  t e s t s  w e re  m ade on  ro o t  e x t r a c t s  p re p a re d  a t  t h i s  t im e .
Ten h e a l th y  T a b a s c o  p e p p e r  p la n t s  w e re  in o c u la te d  w i th  th e  roo t 
e x t r a c t s  and  d a ta  w e re  r e c o rd e d  10 an d  15 d a y s  a f te r  I n o c u la t io n .  The 
r e s u l t s  o b ta in e d  from t h e s e  e x p e r im e n ts  sh o w e d  th a t  5 p la n t s  h a d  
w i l te d  a f te r  10 d a y s  an d  a t o t a l  of 7 p la n t s  h a d  w i l te d  a f te r  15 d a y s .  
T h u s ,  th e  v i ru s  w a s  p r e s e n t  in  th e  ro o ts  a t  th e  t im e  p e rm e a b i l i ty  
c h a n g e  w a s  f i r s t  d e t e c t e d .
W h ite  a n d  H orn (62) d e m o n s t r a te d  cam bium  an d  p h lo em  n e c r o s i s  
in  th e  ro o ts  of w i l te d  T a b a s c o  p e p p e r  p l a n t s .  To r e l a t e  t h e s e  h i s t o ­
lo g ic a l  c h a n g e s  to  th e  p e rm e a b i l i ty  c h a n g e s ,  s t a in e d  s e c t i o n s  w e re  
p re p a re d  from ro o ts  of b o th  I n o c u la te d  a n d  c o n tro l  p l a n t s  a t  th e  t im e  
th e  i n i t i a l  i n c r e a s e  in  p e rm e a b i l i ty  o c c u r r e d .  The p ro c e d u re  d e s c r ib e d  
by W h ite  an d  H orn  (62) w a s  u s e d  for p rep a r in g  th e  s e c t i o n s . S ta in e d  
s e c t io n s  w e re  p re p a re d  from c o m p a ra b le  t i s s u e s  a t  th e  f i r s t  d a y  of 
w i l t  a s  a  c o n t r o l .  No ph loem  or cam bium  n e c r o s i s  c o u ld  b e  found  
a t  th e  t im e  of i n i t i a l  e le c t r o ly te  l o s s  (F ig . 6) .  H o w e v e r ,  cam bium  
a n d  ph loem  t i s s u e s  w e re  d i s o r g a n iz e d  and  d i s c o lo r e d  a t  th e  f i r s t  day  
o f  w i l t  (F ig . 6) .
The c h a n g e s  in  t h e  r e s p i ra to ry  r a t e s  in d u c e d  by  TEV in f e c t io n  
in  T a b a s c o  p e p p e r  ro o ts  w e re  m e a s u r e d .  To r e l a t e  c h a n g e s  in  r e s p i r a ­
t i o n ,  i f  t h e  l a t t e r  c o u ld  b e  d e t e c t e d ,  to  t h e  p e rm e a b i l i ty  c h a n g e s  w h ic h
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F igure  6 . C r o s s  s e c t io n s  of TEV -infected  T a b a sc o  p ep p er  r o o t s .
U pper f igure : S e c t io n  p rep a red  a t  th e  t im e  of in i t i a l  
I n c r e a s e  in  p e rm e a b i l i ty .
Lower f ig u re :  S e c t io n  p rep a red  a t  th e  f i r s t  day  of w i l t .
30
h a d  b e e n  found to  t a k e  p l a c e ,  roo t t i s s u e s  to  be  s tu d ie d  w e re  sa m p le d  
a s  fo l lo w s :  im m e d ia te ly  a f te r  e a c h  m easu rem en t  of th e  e l e c t r i c a l  c o n ­
d u c t iv i ty  of th e  a m b ien t  s o lu t io n s ,  r e p r e s e n ta t iv e  root s a m p le s  w e re  
h a r v e s te d  from b o th  in o c u la te d  and  c o n tro l  p l a n t s  an d  th e  re s p i ra to ry  
r a t e s  w e re  d e te rm in e d .  By th i s  p ro c e d u re ,  p e rm e a b i l i ty  an d  re s p i ra to ry  
d e te rm in a t io n s  w e re  m ade on  th e  sa m e  root s y s te m ,  th u s  p ro v id in g  a 
m ean s  for m easu r in g  th e  re s p i ra to ry  r a t e s  of ro o ts  w h o s e  c o n d i t io n  of 
p e rm e a b i l i ty  c h a n g e  w a s  k n o w n . The r e s u l t s  o b ta in e d  from t h e s e  
e x p e r im e n ts  sh o w ed  no c h a n g e s  in  th e  r e s p i ra to ry  r a t e s  up to  th e  tim e 
p e rm e a b i l i ty  c h a n g e  f i r s t  b e c a m e  p ro n o u n c e d .  H o w ev e r ,  12-24  hours  
l a t e r ,  a d e c r e a s e  in  o x y g en  u p ta k e  of th e  ro o ts  o f  in o c u la te d  p la n ts  
w a s  d e t e c t e d .  The r e s p i ra to ry  ra te  c o n t in u e d  to  d e c r e a s e  s t e a d i ly  
t h e r e a f t e r ,  r e a c h in g  a v a lu e  of ab o u t 50% of th a t  of th e  c o n tro l  a t  th e  
t im e  of in c ip ie n t  w i l t  (F ig . 7 a ) .
W h e e le r  an d  B lack (56 , 57) d e te c t e d  an  i n c r e a s e  in  re s p i ra to ry  
r a t e s  th a t  fo l lo w ed  p e rm e a b i l i ty  c h a n g e s  in  v i c to r in - t r e a t e d  o a t  t i s s u e s .  
T h e s e  a u th o r s ,  in  an  a t tem p t to  r e la te  p e rm e a b i l i ty  c h a n g e s  to  r e s p i r a ­
tory  c h a n g e s ,  s u g g e s te d  th a t  a s  a r e s u l t  of i n c r e a s e d  p e rm e a b i l i ty  of 
th e  m e m b ra n e s , s a l t s  and  o th e r  m a te r ia ls  le a k in g  from th e  v a c u o le  and 
com ing in to  c o n ta c t  w ith  th e  m ito ch o n d ria  m ight a c c o u n t  for th e  o b se rv e d  
i n c r e a s e  in  r e s p i r a t io n .
S in c e  th e  ro o ts  u s e d  for r e s p i ra to ry  r a te  m e a su re m e n ts  w e re  
b a th e d  in  d i s t i l l e d  w a te r ,  a s  d e s c r ib e d  b e fo r e ,  s a l t s  le a k in g  from
th e  v a c u o le  a s  a  r e s u l t  of i n c r e a s e d  p e rm e a b i l i ty  of th e  m em branes 
w o u ld  be  l e a c h e d  in to  th e  su rro u n d in g  s o lu t io n s .  T h u s ,  th e  p o s s ib i l i ty  
s t i l l  e x i s te d  t h a t  th e re  w a s  an  in c r e a s e  in  th e  re s p i ra to ry  r a t e ,  a s  s u g ­
g e s t e d  by  W h e e le r  and  B lack  (57), bu t th a t  th i s  m ight no t be  d e te c te d  
d u e  to  th e  e x p e r im e n ta l  c o n d i t i o n s .  To i n v e s t i g a t e  th i s  p o s s ib i l i t y ,  
d e te rm in a t io n s  of p e rm e a b i l i ty  a n d  r e s p i ra to ry  c h a n g e s  w e re  m ade on  
2 s e p a r a te  g ro u p s  of p la n t s  of th e  sa m e  a g e  w h ich  w e re  m a in ta in e d  u nder 
th e  sam e  e n v iro n m e n ta l  c o n d i t i o n s .  For r e s p i ra to ry  c h a n g e  d e te r m in a t io n s ,  
th e  p la n ts  w e re  k e p t  in  s a n d  c u l tu re  i n s t e a d  of b e in g  t r a n s fe r r e d  to  d i s ­
t i l l e d  w a te r .  Each g roup  w a s  d iv id e d  in to  in o c u la te d  an d  c o n tro l  
p l a n t s .  I n o c u la t io n s  w e re  m ade a t  th e  sa m e  t im e  u s in g  th e  sam e  
in o c u lu m . Both p e rm e a b i l i ty  an d  re s p i ra to ry  c h a n g e  d e te rm in a t io n s  
w e re .m a d e  a t  12-h o u r  in te r v a l s  a f te r  i n o c u la t io n .  P e rm e a b il i ty  m e a s u r e ­
m en ts  w e re  m ade a s  d e s c r ib e d  b e f o r e .  For r e s p i r a t io n  m e a s u re m e n ts ,  
r e p r e s e n ta t iv e  p la n t s  w e re  rem o ved  from th e  s a n d ,  an d  th e  re s p i ra to ry  
r a te  of 500 mg root s a m p le s  w a s  d e te rm in e d .  T o ta l n i t ro g e n  of th e  roo t 
s a m p le s  w a s  d e te rm in e d  a t  th e  e n d  of th e  e x p e r im e n ts  a n d  th e  o x y g en  
u p ta k e  p e r  mg N pe r  hour w a s  c a l c u l a t e d .  No c h a n g e  in  th e  r e s p i ra to ry  
ra te  w a s  o b ta in e d  up to  th e  t im e  th e  p e rm e a b i l i ty  c h a n g e  f i r s t  b e c a m e  
p ro n o u n ce d  (F ig . 7B ). From 12-24  hours  l a t e r  a d e c r e a s e  in  th e  r e s p i r a ­
to ry  r a te  of ro o ts  of in o c u la te d  p la n ts  w a s  o b ta in e d .  The o x y g en  u p ta k e  
c o n t in u e d  to  d e c r e a s e  s t e a d i ly  t h e r e a f t e r  a n d  w a s  ab o u t  50% of t h a t  of 
th e  c o n tro l  a t  th e  f i r s t  d ay  of w i l t .  T h u s ,  no i n c r e a s e  in  r e s p i r a t io n  
w a s  d e te c t e d  in  t h e s e  e x p e r im e n ts .
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F igure  7 .  C h a n g e s  in  th e  r e s p i r a to r y  r a t e s  o f ro o ts  o f T E V -inocu la ted  
a n d  c o n tro l  T a b a s c o  p e p p e r  p l a n t s  during  th e  144 h o u rs  a f te r  
in o c u la t io n .  The a rrow  re fe r s  to  th e  t im e  th e  i n i t i a l  c h an g e  
in  p e rm e a b i l i ty  w a s  d e t e c t e d .  A. R oots w e re  s u s p e n d e d  in  
d i s t i l l e d  w a te r  b e fo re  r e s p i r a to ry  d e te rm in a t io n .  B. Roots 
w e re  h a r v e s t e d  from p la n t s  grow n in  s a n d  c u l tu r e .
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The e ffe c t  of KC1 on  r e s p i ra t io n  o f T E V -inocu la ted  T a b a sc o  
pepper  p la n ts  w a s  a l s o  s tu d ie d .  Roots s u s p e n d e d  in  d i s t i l l e d  w a te r ,  
and  in  KC1 so lu t io n s  of 10“ 2 , 10"2 , and  10“4 M w ere  u s e d  for r e s p i r a ­
tory  r a te  m e a su re m e n ts .  Roots s u s p e n d e d  in  d i s t i l l e d  w a te r  w e re  u se d  
for p a ra l le l  d e te rm in a t io n s  of p e rm e ab il i ty  c h a n g e .  P e rm eab il i ty  
m easu rem en ts  w e re  made a t  2 4 -h o u r  i n t e r v a l s .  At th e  tim e  p e r ­
m eab il i ty  c h an g e  f i r s t  b e ca m e  p ro n o u n ce d , root s a m p le s  w ere  c o l ­
l e c te d  and  th e  oxyg en  u p tak e  pe r  500 mg f re sh  w t per  hour w a s  m e a su re d .
As show n in  T able  3 an  in c r e a s e  in  th e  re s p i ra to ry  r a te s  of ro o ts  of 
in o c u la te d  p la n ts  in  10“2 M KC1 w a s  o b ta in e d .  The in c r e a s e  in  th e  
r e sp ira to ry  r a te  w a s  more p ronounced  12 hours  a f te r  th e  in i t i a l  ch an g e  
in  p e rm e a b i l i ty .  Roots s u s p e n d e d  in  d i s t i l l e d  w a te r  show ed  a d e c r e a s e  
in  th e  r e sp ira to ry  r a te  w h ich  w a s  a p p a ren t  48 ho u rs  a f te r  th e  p e rm eab il i ty  
c h a n g e s  f i r s t  b ecam e  p ro n o u n ce d . In th e  c a s e  of 10 M KC1 th e  d a ta  
from h e a l th y  and  in o c u la te d  p la n ts  o v e r la p p e d ,  and  th e  a v e ra g e s  w ere  
very  c l o s e .  The 10-4  KC1 tre a tm e n t  g a v e  r e s u l t s  co m p arab le  to  the  
w a te r  t r e a tm e n t .  It w a s  no ted  th a t  roo ts  from h e a l th y  p la n ts  su s p e n d e d  
in  KC1 so lu t io n s  h ad  low er re sp ira to ry  r a te s  th a n  th o s e  su s p e n d e d  in  
w a te r .
The c h a n g e s  in  th e  re sp ira to ry  r a t e s  of ro o ts  of h e a l th y  and  TEV- 
in o c u la te d  C a li fo rn ia  W on der  pep p er  p la n ts  w e re  d e te rm in e d .  No 
c h a n g e s  in  th e  re s p i ra to ry  r a te s  w e re  o b ta in e d  during 144 hours  a f te r  
In o c u la t io n  a s  sh ow n  in  F igure  8 .
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T able  3 .  The e f fe c t  of 3 c o n c e n tra t io n s  of KC1 on th e  r e s p i ra to ry  
r a t e s  of ro o ts  of h e a l th y  and  T E V -inocu la ted  T a b a sc o  
pep p er  p l a n t s .
Exp. Treatm ent
ul 0 2 / 5 0 0  ma f re s h  w i /h o u r a
12 h o u rs*3 48 h o u rs*3
H ealthv In o c u la te d H e a lth v In o c u la te d
1 h 2o 200 180 197 126
KC1 <10"2 M) 164 230 145 163
KC1 (10“ 3 m ) 200 215 157 148
KC1 (1 0 "4 m ) 203 198 150 110
2 h 2o 230 220 250 187
KC1 (10_2 m) 138 170 130 140
a D u p l ic a te  or t r ip l i c a te  s a m p le s  w ere  u s e d  for e a c h  t r e a tm e n t .
^E xp erim en ts  w e re  made 12 and  48 hours  a f te r  th e  i n i t i a l  c h a n g e  in  
p e rm e a b i l i ty .
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Figure  8 . C h a n g es  in  th e  re s p i ra to ry  r a t e s  of ro o ts  of h e a l th y  and  
TEV -infected  C a li fo rn ia  W onder pep p er  p la n ts  during th e  
144 hours  a f te r  in o c u la t io n .  The arrow  re fe r s  to  th e  tim e 
of sym ptom  a p p e a ra n c e  on young l e a v e s .
C h a n g e s  in  th e  re s p i ra to ry  r a t e s  of h e a l th y  an d  TEV s y s te m ic a l ly  
in fe c te d  T a b a s c o  p e p p e r  l e a v e s  a l s o  w e re  s tu d i e d .  R e s u l ts  o b ta in e d  
from t h e s e  e x p e r im e n ts  sh o w ed  th a t  a  40% in c r e a s e  in  o x y g e n  u p tak e  
o f s y s te m ic a l ly  in fe c te d  l e a v e s  w a s  d e te c te d  a t  th e  t im e  m ottl ing  of 
t h e  young l e a v e s  o c c u r re d  (F ig . 9 ) .  This h ig h e r  r a te  of r e s p i r a t io n  w a s  
m a in ta in e d  th e r e a f t e r .  The r e s p i ra to ry  r a t e s  of h e a l th y  a n d  s y s te m ic a l ly  
in fe c te d  l e a v e s  o f C a l i fo rn ia  W o n d er  and  C a y e n n e  p e p p e r  p la n ts  w ere  
d e te rm in e d  a t  th e  t im e  v e in  c le a r in g  and  m ottl ing  sym ptom s of th e  
young  l e a v e s  d e v e lo p e d .  T a b a s c o  p e p p e r  p la n t s  w e re  in c lu d e d  in  
t h e s e  e x p e r im e n ts  for c o m p a r is o n .  An i n c r e a s e  in  th e  re s p i ra to ry  r a te s  
of s y s te m ic a l ly  in f e c te d  l e a v e s  w a s  found  to  b e  th e  c a s e  w ith  a l l  3 
v a r i e t i e s  (Table 4 ) .  No c h a n g e  in  th e  r e s p i ra to ry  r a t e s  of th e  l e a v e s  
c o u ld  be  d e te c te d  b e fo re  sym ptom  a p p e a ra n c e  in  any  of th e  3 v a r i e t i e s .
E ffec t of TEV in f e c t io n  on  a s c o r b ic  a c id  c o n te n t
A sco rb ic  a c id  c o n te n t  of ro o ts  of T E V -in fec ted  a n d  h e a l th y  
T a b a s c o  p e p p e r  p la n ts  w a s  d e te rm in e d  a t  th e  f i r s t  day  of w i l t .  As 
sho w n  in  T ab le  5 ,  a sh a rp  d e c r e a s e  in  a s c o r b i c  a c id  c o n te n t  w a s  o b ­
t a in e d  w i th  in fe c te d  r o o t s .  A sco rb ic  a c id  c o n te n t  in  s y s te m ic a l ly  
in fe c te d  le a v e s ,  w h ic h  w e re  c o l l e c t e d  from th e  sa m e  p la n t s  u s e d  for 
roo t  a n a l y s i s ,  d id  not d if fe r  from th a t  in  c o r re sp o n d in g  l e a v e s  from 
h e a l th y  p la n t s  (Table 5 ) .
The e f fe c t  of TEV in fe c t io n  on  a s c o r b ic  a c id  c o n te n t  in  ro o ts  of 
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Figure 9 .  C h a n g e s  in  th e  re s p i ra to ry  r a te s  of h e a l th y  and s y s te m ic a l ly  
in fe c te d  l e a v e s  of T a b a sc o  pep p er  p la n ts  during th e  144 hours 
a f te r  i n o c u la t i o n . The arrow  re fe rs  to  th e  tim e of symptom 
a p p e a ra n c e  on young l e a v e s .
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T ab le  4 .  R e sp ira to ry  r a t e s  o f  h e a l th y  an d  TEV s y s te m ic a l ly  in fe c te d  
l e a v e s  o f 3 p e p p e r  v a r i e t i e s . 3
u l 0 2 / h r
/ 2 0 0  ma f re s h  w t /m a  drv w t
V arie ty H e a lth v In fe c te d H e a l th v In fe c te d
C a y e n n e *5 86 116
C a l i fo rn ia  W o n d e r*3 75 103
T a b a s c o 0 81 106 2 .1 2 .7
a Each f ig u re  r e p r e s e n ts  a n  a v e ra g e  o f  3 r e p l i c a t i o n s .  E x perim en ts  
w e re  done  t w i c e .
^ D e te rm in a t io n s  w e re  m ade a t  th e  t im e  v e in  c le a r in g  and  m ottl ing  
sym ptom s o f th e  young l e a v e s  w e re  a p p a r e n t .
c L ea v es  w e re  drooping  .
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T ab le  5 .  A sco rb ic  a c id  c o n te n t  o f ro o ts  o f  h e a l th y  and  T E V -in fec ted  
p la n t s  of 3 p e p p e r  v a r i e t i e s . a
V arie ty
A sco rb ic  a c id *3 
u g / g  f r e s h  w t 
H e a l th v  In f e c te d
C a y e n n e  (roo ts) 58 56
C a l i fo rn ia  W o n d e r  (roots) 53 57
T a b a s c o  (roo ts) 70 (54)° 34 (24)c
T a b a s c o  ( le a v e s ) 980 1000
a Each  f ig u re  r e p r e s e n ts  th e  a v e ra g e  of 10 d e te r m in a t io n s .
^ D e te rm in a t io n s  w e re  m ade w i th  th e  2 ,4 - d in i t r o p h e n y l  h y d ra z in e  
r e a g e n t .
d e t e r m i n a t i o n s  w e re  m ade w ith  th e  in d ic a to r  2 :6 - d ic h lo r o p h e n o l -  
in d o p h e n o l .
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fur ther  c o n t ro l .  Root sa m p le s  w e re  h a rv e s t e d  8 d ay s  a f te r  i n o c u la t io n ,  
a t  w h ich  t im e  v e in  c le a r in g  a n d  mott l ing  symptoms w e re  a p p a ren t  on the  
young l e a v e s .  R esu l ts  o b ta in e d  from t h e s e  e x p e r im e n ts  (Table 5) i n d i ­
c a t e d  no d i f fe ren ce  in  the  l e v e l  of a s c o r b i c  a c id  b e tw e e n  h e a l th y  and  
in f e c te d  p la n t s  of e i th e r  v a r i e t y .
T h ese  e x p e r im e n ts  w e re  r e p e a t e d  tw ic e  w ith  th e  sam e  r e s u l t s .
Effect of TEV In fec t io n  on po lypheno l  co n ten t
Examinat ion  of th e  ch rom atogram s p repa red  from root e x t r a c t s  of 
TEV-infected  and  h e a l th y  T a b a sc o  p epper  p l a n t s  6 and  9 d ay s  a f te r  
i n o c u la t i o n ,  sh o w ed  c h lo ro g e n ic  a c id  t o  be  th e  most  prominent  sp o t  on 
th e  s h e e t s .  The i n t e n s i t y  of t h e  b lu e  f lu o re s c e n t  sp o t  p roduced  by 
c h lo ro g en ic  a c id  in u l t r a v io le t  l igh t  w a s  g r e a te r  w i th  root  e x t r a c t s  from 
in fe c te d  p l a n t s  th an  w i th  t h e  co r re sp o n d in g  e x t r a c t s  from h e a l th y  p l a n t s .  
A 75% i n c r e a s e  in ch lo ro g e n ic  a c id  c o n te n t  w a s  d e t e c t e d  in  root e x t r a c t s  
of TEV-infected p la n t s  a t  the  f i r s t  day  of w i l t  (Table 6) .  S t i l l  h ig h e r  
v a lu e s  for c h lo ro g e n ic  a c id  co u ld  b e  d e t e c t e d  3 d a y s  a f te r  w i l t  had 
a p p e a re d  (Table 6) .  A c o m p arab le  i n c r e a s e  in  t h e  t o t a l  o r thod ihydr ic  
p h e n o ls  w a s  o b ta in e d  with  root  e x t r a c t s  from i n f e c te d  p l a n t s  (Table 6) .
As a s e c o n d  c o n t ro l ,  c h lo ro g e n ic  a c id  and  to t a l  o r thod ihydr ic  
p h e n o ls  w e re  de te rm in ed  in  th e  roo ts  of  TEV-infected and  h e a l th y  
C a y e n n e  pep p er  p l a n t s .  As show n in  Table  6 , no s u c h  i n c r e a s e  in th e  
l e v e l  of p o ly p h en o ls  w a s  d e t e c t e d  in  th e  roo ts  of in f e c te d  p l a n t s .
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T able  6 . Po lyp h en o l  c o n te n t  of ro o ts  of h e a l th y  a n d  T EV -in fec ted  
p l a n t s  of 2 p e p p e r  v a r i e t i e s . 3
D a te  of a s s a y  
a f t e r  
i n o c u l a t i o n
C h lo r o g e n ic  a c i d °  
m a / a  f re sh  w t
O r th od ih y d r ic  p h e n o lse 
m a / a  f re sh  wt
H e a l th v D i s e a s e d H e a l th v D i s e a s e d
T a b a s c o 6b .290 .508 .330 .550
9 .290 .660 .320 .830
C a y e n n e 8 C .250 .275 .3 0 0 .340
a Each f igure  r e p r e s e n t s  t h e  a v e r a g e  of  5 d e t e r m i n a t i o n s .
^ P la n t s  w e r e  s t a r t i n g  t o  w i l t .
c Symptoms of v e i n  c le a r in g  and  m ott l ing  w e re  a p p a r e n t  on  young l e a v e s .
^ D e te rm in ed  by p a p e r  c h ro m a to g ra p h ic  s e p a r a t i o n  fo l lo w ed  by u l t r a ­
v io le t  s p e c t r o p h o to m e t r ic  a s s a y .
e D e te rm in e d  by t h e  Arnow r e a g e n t  in  c h lo r o g e n ic  acid e q u i v a l e n t s .
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C h a n g e s  in  t h e  a c t i v i t y  of som e s o l u b l e  o x i d a s e s
The a c t i v i t y  of p o ly p h en o l  o x i d a s e  w a s  d e te rm in e d  m an o m et r ica l ly  
u s i n g  c h lo r o g e n ic  a c i d  a s  a s u b s t r a t e .  No e n d o g e n o u s  o x y g e n  u p ta k e  
w a s  o b s e r v e d  in  any  of t h e  t e s t s .  The h i g h e s t  r a t e  of e n z y m a t ic  
a c t i v i t y  w a s  o b t a i n e d  in  a l l  c a s e s  in  t h e  f i r s t  10 m in u te s  a f t e r  t ipp in g  
c h lo r o g e n ic  a c i d  in to  t h e  f l a s k s ,  a f t e r  w h ic h  t h e  r a t e  of t h e  r e a c t i o n  
l e v e l e d  off  (F ig .  10). C o m p a r i s o n s  of  t h e  e n z y m a t i c  a c t i v i t y  of the  
d i f fe ren t  root e x t r a c t s  t h e r e f o r e ,  w e r e  m ade  on  t h e  b a s i s  o f  o x y g e n  
c o n su m p t io n  in  t h e  f i r s t  10 m in u te s  a f t e r  t i p p i n g .  As sh o w n  in  T ab le  7 ,  
no d i f f e r e n c e s  in  t h e  a c t iv i t y  of p o ly p h e n o l  o x i d a s e  w e r e  o b s e r v e d  
b e tw e e n  root  e x t r a c t s  of  h e a l th y  a n d  TEV -in fec ted  p l a n t s  of any  of  
th e  3 p e p p e r  v a r i e t i e s .
The e n z y m a t i c  o x id a t io n  of a s c o r b i c  a c i d  w a s  a l s o  s t u d i e d  m an o ­
m e t r i c a l l y .  An i n c r e a s e  i n  t h e  e n z y m a t i c  o x id a t io n  o f  a s c o r b i c  a c i d  
w a s  o b t a i n e d  w i th  root  e x t r a c t s  of T EV -in fec ted  T a b a s c o  pepp er  
(Table  8 ) .  No d i f f e r e n c e s  w e r e  o b t a i n e d  w i th  t h e  o th e r  p e p p e r  
v a r i e t i e s .
P e r o x i d a s e  a c t iv i t y  w a s  found  to  b e  g r e a t ly  e n h a n c e d  in  root 
e x t r a c t s  o f  TEV -in fec ted  T a b a s c o  p e p p e r  p l a n t s  a t  t h e  f i r s t  day  of 
w i l t .  No su c h  i n c r e a s e  in  p e r o x i d a s e  a c t i v i t y  w a s  o b s e r v e d  w i th  
o th e r  p e p p e r  v a r i e t i e s ,  a t  t h e  t im e  th e  young  l e a v e s  sh o w e d  v e in  
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Figure  10 .  P o ly p h e n o l  o x i d a s e  a c t i v i t y  of ro o t  e x t r a c t s  of h e a l th y  and  
T EV -in fec ted  T a b a s c o  p e p p e r  p l a n t s .  D e te rm in a t io n  w a s  
m ade  a t  t h e  f i r s t  d a y  of w i l t ,
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Table  7 .  Po lypheno l  o x i d a s e  a c t iv i t y  of root e x t r a c t s  of h e a l th y  and 
TEV-infected p l a n t s  of 3 p epper  v a r i e t i e s . 3
Variety H ea l thy
ul O 2/ I O  min*5
In fe c te d
T a b a s c o 0 83 86
Cayenne** 56 53
C a l i fo rn ia  Wonder** 58 61
a Enzyme a c t iv i ty  of an  e x t ra c t  c o r re sp o nd in g  to  600 mg f re sh  wt root 
t i s s u e .
^Each  f igure  i s  a n  a v e ra g e  of  3 s a m p l e s .  D u p l i c a te  f l a s k s  w e re  u s e d  
for e a c h  s a m p le .
c D e te rm in a t lo n s  w e re  made a t  th e  f i r s t  day of w i l t .
^ D e te rm in a t io n s  w ere  made a t  th e  t im e  v e in  c le a rn in g  a n d  mott l ing 
symptoms of t h e  young l e a v e s  b e c a m e  a p p a r e n t .
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T ab le  8 . E nzy m at ic  o x i d a t i o n  o f  a s c o r b i c  a c i d  by root  e x t r a c t s  of 
h e a l th y  a n d  T E V -Inocu la ted  p l a n t s  of 3 p e p p e r  v a r i e t i e s . a
u l  0 2 / 4 0  min®






T a b a s c o ^ 117 41 164 46
C a y e n n e e 61 40 55 30
C a l i f o r n i a  W o n d e r e 91 39 88 35
a Enzyme a c t iv i t y  of  a n  e x t r a c t  c o r r e s p o n d in g  to  600 mg f re sh  w t  root  
t i s s u e .
^Each  f igu re  i s  a n  a v e r a g e  of 3 s a m p l e s . D u p l i c a t e  f l a s k s  w e r e  u s e d  
for  e a c h  s a m p l e .
c E x trac t  w a s  b o i l e d  for 2 m in u t e s .
^ D e te r m in a t io n s  w e r e  made a t  th e  f i r s t  d a y  of w i l t .
d e t e r m i n a t i o n s  w e r e  m ade  a t  t h e  t im e  v e in  c l e a r in g  a n d  m ott l ing  
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Figure  11.  P e r o x i d a s e  a c t i v i t y  o f  roo t  e x t r a c t s  of h e a l t h y  a n d  TEV- 
in f e c t e d  p l a n t s  of t h e  3 p e p p e r  v a r i e t i e s .  A. T a b a s c o  
p ep per ;  B. C a y e n n e ;  C .  C a l i f o r n ia  W o n d e r .
(H * h e a l th y ;  I *  in fec ted )
DISCUSSION
Attempts  to  remove  th e  Inh ib i to r  of TEV in f e c t io n  of C hen op od lu m  
s p .  e i t h e r  f a i l e d  or r e s u l t e d  in  l a rg e  l o s s e s  of v i r u s .
S in c e  th e  l o c a l - l e s i o n  t e c h n iq u e  w a s  no t  a p p l i c a b l e ,  e s t im a t i o n  
of v i ru s  c o n c e n t r a t i o n  in  th e  root e x t r a c t s  of t h e  3 p e p p e r  v a r i e t i e s  w a s *  
b a s e d  on  s y s t e m ic  i n f e c t i o n .  The l n f e c t lv i ty  of t h e s e  root  e x t r a c t s  
w a s  found to  be  q u i te  s im i la r  (Table 2) a nd  t h e s e  r e s u l t s  s u g g e s t  th a t  
th e  r a t e  of v i ru s  m u l t ip l i c a t io n  in  th e  ro o t s  of th e  3 p e p p e r  v a r i e t i e s  
d o e s  not  d i f fe r  s i g n i f i c a n t l y ,  S in c e  i t  i s  u n l ik e ly  th a t  sm a l l  d i f f e r e n c e s  
in  v i ru s  t i t e r  co u ld  a c c o u n t  for th e  u n iqu e  b e h a v io r  of T a b a s c o  p e p p e r ,  
t h e  p o s s i b i l i t y  th a t  t h i s  u n ique  r e s p o n s e  i s  due  to  d i f f e r e n c e s  in  v i ru s  
c o n c e n t r a t i o n  i s  ru le d  o u t .
Virus d i s e a s e s ,  in  g e n e r a l ,  w ou ld  s e e m  to  be  good  s y s t e m s  for 
s t u d i e s  on  th e  e f f e c t  of i n f e c t i o n  upon h o s t  m e ta b o l i sm  s i n c e  no 
m e tab o l ic  a c t iv i t y  h a s  b e e n  a s s o c i a t e d  w i th  i s o l a t e d  v i r u s e s .  This  
o ffers  a n  a d v a n t a g e  ove r  fungal  and  b a c t e r i a l  d i s e a s e s  in w h ic h  2 
m e tabo l ic  s y s t e m s ,  t h o s e  of th e  h o s t  and  the  p a th o g e n ,  a re  i n v o lv e d .  
S in c e  T a b a s c o  p e p p e r  i s  th e  on ly  v a r ie ty  among th e  T E V -s u s c e p t ib le  
p e p p e r  v a r i e t i e s  w h ic h  d e v e lo p s  w i l t  a s  a r e s u l t  of TEV in f e c t io n  and  
TEV i s  th e  on ly  v i rus  w h ic h  c a u s e s  s u c h  sym ptom s on  T a b a s c o  p e p p e r  
t h i s  d i s e a s e  p ro v id es  an  e x c e l l e n t  s y s t e m  for s t u d i e s  of t h e  p h y s io lo g y  
and  b io c h e m is t ry  of  w i l t  d i s e a s e s .
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A c o n s i d e r a b l e  l o s s  of e l e c t r o l y t e s .  I n d ic a t iv e  of p e rm e a b i l i ty  
c h a n g e ,  w a s  t h e  e a r l i e s t  r e s p o n s e  to  TCV in f e c t i o n  d e t e c t e d  in  th e  
ro o ts  of T a b a s c o  p e p p e r  p l a n t s .  P e rm ea b i l i ty  c h a n g e s  w e r e  found  to  
p r e c e d e  t h e  r e s p i r a to r y  c h a n g e s  a s  w e l l  a s  h i s t o l o g i c a l  and  w i l t  
sym ptom s . S in c e  p e rm e a b i l i ty  a l t e r a t i o n  w a s  not  o b s e r v e d  in  ro o t s  
of n o n in o c u la t e d  c o n t ro l  p l a n t s  or in  ro o t s  of T E V -s u s c e p t ib le  p e p p e r  
v a r i e t i e s  w h ic h  do not  w i l t  a s  a  r e s u l t  of i n f e c t i o n ,  it  i s  t em p t in g  to  
s u g g e s t  a  c a u s a l  r e l a t i o n s h i p  b e tw e e n  t h e  i n c r e a s e d  p e rm e a b i l i ty  of 
th e  ro o ts  a n d  th e  w i l t i n g  w h ic h  fo l lo w s  l a t e r  o n .
A l te ra t io n  o f  th e  p e rm e a b i l i ty  of  root c e l l s  w a s  l i s t e d  by 
S u b e rm an ian  and Saraswathi-Devi (51) a s  a  p o s s i b l e  m e c h a n i s m  of 
p a th o l o g i c a l  w i l t . The a l t e r e d  p e rm e a b i l i ty  of  t h e  m em branes  w ou ld  
bring a b ou t  c h a n g e s  i n  t h e  o s m o t ic  g r a d i e n t ,  t h u s  in f lu e n c in g  th e  
o sm o t ic  movem ent  of w a te r  (11). In v iew  of t h e  cu r re n t  k n o w ledg e  
of t h e  m e c h a n i s m s  of w a t e r  a b s o r p t io n ,  t h e  o sm o t ic  w a t e r  movement  
i s  s t ro n g ly  e m p h a s i z e d  (28). Of s p e c i a l  i n t e r e s t  in  t h i s  r e s p e c t  i s  
G a u m a n n ' s  (12) work on  f u s a r i c  a c i d ,  a  to x ic  p roduc t  of  t h e  w i l t  
f u s a r i a .  G a u m an n  (12) e m p h a s i z e d  th e  ro le  of p e rm e a b i l i t y  c h a n g e s  
in  r e l a t i o n  to  t h e  in ju r io u s  e f f e c t s  of f u s a r i c  a c i d .  S a d a s i v a n  (47) 
s u g g e s t e d  a  m e c h a n ism  of w i l t  b a s e d  on  th e  im pa i rm en t  of th e  p e r ­
m e a b i l i ty  of root c e l l s  by f u s a r i c  a c i d .  He su rm iz e d  t h a t  t h e  f i r s t  
d a m ag e  to  t i s s u e  i s  im pa irm en t  of p e rm e a b i l i ty  fo l lo w ed  by  l o s s  in  
c o n d u c t iv i ty  of s a p  a n d  c o n s e q u e n t ly  a l o s s  of  tu rgor  an d  im b a la n c e
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of th e  io n ic  s t a t u s  of th e  e f f e c te d  c e l l s .  The o ther  in  v ivo  p h y s io lo g ic a l  
and  b io c h e m ic a l  c h a n g e s  a s s o c i a t e d  w i th  w i l t e d  p la n t s  a p p e a r  to  be the  
s e q u e l a e  of th e  e a r l i e r  d a m a g e .  The ro le  of f u s a r i c  a c id  in  f u s a r i a l  
w i l t s ,  h o w e v e r ,  h a s  b e e n  q u e s t io n e d  s i n c e  f u s a r i c  a c id  do es  not  p r o ­
d u c e  a l l  symptoms of th e  d i s e a s e  and  sh o w s  no h o s t  s p e c i f i c i t y  (58).
The reco v e ry  of  w i l t e d  T a b a s c o  p e p p e r  p l a n t s  w h e n  p l a c e d  in 
w a te r  a f te r  th e  e x c i s i o n  of t h e i r  root t i p s  c o u ld  be  e x p la in e d  a s  fo l low s:  
In th e  i n ta c t  w i l t e d  p l a n t ,  the  root  c e l l s  which  h a v e  l o s t  t h e i r  tu rgor  a s  
a r e s u l t  of th e  a l t e r e d  p e rm eab i l i ty  of th e  m e m b r a n e s , a s  w e l l  a s  the  
n e c ro t ic  phloem a nd  cambium c e l l s ,  w o u ld  p robably  r e p r e s e n t  a b a rr ie r  
to  w a te r  t r a n s p o r t  from th e  root s u r f a c e  to  th e  x y le m .  Upon e x c i s i o n  
of th e  root t i p s ,  w a te r  b e c o m e s  a v a i l a b l e  to  th e  xy lem  v e s s e l s  and  c a n  
a g a in  be  t a k e n  up by th e  p l a n t .  This  e x p la n a t io n  i s  c o n s i s t e n t  w i th  
P h i l i p ' s  (44) s t a te m e n t  th a t  the  zo n e  b e tw e e n  th e  root su r fa c e  a n d  the  
xy lem  i s  one  of 3 s ig n i f i c a n t  s e g m e n ts  in  t h e  w a t e r  t r a n s p o r t  pa thw ay  
w h e re  r e s i s t a n c e  to  flow i s  l ik e ly  to b e  i m p o r t a n t .
The d a ta  on q u a l i t a t iv e  a nd  q u a n t i t a t i v e  d e te rm in a t io n s  of the  
s u b s t a n c e s  th a t  l e a c h  out  from the  roo ts  of in o c u la t e d  T a b a s c o  p e p p er  
p l a n t s  i n d i c a t e d  th a t  K w a s  th e  major ion  th a t  w a s  r e l e a s e d  a s  a r e s u l t  
of a l t e r e d  p e rm e ab i l i ty  of th e  m e m b r a n e s . This  f inding l e a d s  to  the  
q u e s t i o n  of w h e th e r  th e  l o s s  of K i s  r e l a t e d  to ph loem  n e c r o s i s  and 
w i l t  d ev e lo p m e n t  s i n c e  K l o s s  p r e c e d e s  th e  o th e r  two p h e n o m e n a .
H a r t t ' s  (17) o b s e r v a t io n  th a t  K d e f i c i e n c y  c a u s e d  ph loem  n e c r o s i s  in
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s i e v e  t u b e s  and  c o m p a n io n  c e l l s  of  s u g a r c a n e  might  b e  of i n t e r e s t  in  
t h i s  r e s p e c t .  A m arked  r e l e a s e  of  K io n s  from c u t  s h o o t s  of  t o m a to e s  
w a s  o b s e r v e d  by L in s k e n s  (32) w i t h in  a  few ho u rs  a f t e r  t r e a tm e n t  w ith  
f u s a r i c  a c i d .  F u r th e rm ore ,  S a d a s l v a n  a nd  K a ly a n a su n d a ra m  (48) hav e  
s t u d i e d  c h a n g e s  in  l e v e l s  of v a r io u s  In o rg a n ic  io n s  i n  c o t to n  p l a n t s  
n a tu r a l ly  i n f e c t e d  w i th  F u sa r iu m  v a s i n f e c t u m . The o u t s t a n d i n g  c h a n g e  
found w a s  a  l a r g e  d e c r e a s e  in  t h e  K c o n t e n t  of  d i s e a s e d  p l a n t s .  T h e s e  
r e s u l t s  w o u ld  s e e m  c o m p a ra b le  w i th  t h e  f ind ing  t h a t  K w a s  t h e  p r e ­
dom inan t  ion  th a t  w a s  l e a c h e d  out  of th e  ro o ts  of T E V -in fec ted  T a b a s c o  
p e p p e r  p l a n t s .
The d e c r e a s e  in  t h e  r e s p i r a to r y  r a t e s  t h a t  fo l lo w s  p e rm e ab i l i ty  
c h a n g e s  in  th e  ro o t s  of  T E V -in fec ted  T a b a s c o  p e p p e r  p l a n t s  s u s p e n d e d  
in  w a t e r  might  be  e x p l a i n e d  on  th e  b a s i s  t h a t  t h e  a l t e r e d  p e rm e a b i l i ty  of 
th e  m em b ran e s  a l l o w s  s u b s t r a t e s  a n d  c a t i o n  a c t i v a t o r s  r e q u i re d  for th e  
a c t i v i t y  of t h e  r e s p i r a t o r y  e n z y m e s  to  d i f f u s e  in to  th e  su rround ing  s o l u ­
t i o n s . P a q u in  a n d  W a y g o o d  (39) e x p la in e d  th e  i n h ib i t io n  of th e  
r e s p i r a t o r y  e n z y m e s  of to m a to  h y p o c o ty l s  by f u s a r i c  a c i d  a s  r e s u l t i n g  
from a n  im pa i rm en t  of th e  s e m ip e r m e a b i l i t y  of the  m i to c h o n d r ia l  mem­
b ra n e  so  t h a t  c y to c h r o m e - c  e s c a p e d  and  w a s  t h u s  r em ov ed  from the  
s i t e  of a c t i o n .
E xp er im en ts  in  w h ic h  ro o t s  w e r e  s u s p e n d e d  in  KC1 c o n c e n t r a t i o n s  
of 10” 3 a n d  10“^ M  g a v e  v a r i a b l e  r e s u l t s .  H o w e v e r ,  a  c o n s i s t e n t  i n ­
c r e a s e  in  r e s p i r a t i o n  w a s  o b t a i n e d  w i th  r o o t s  of i n f e c t e d  T a b a s c o  
p e p p e r  s u s p e n d e d  in  10~^M KC1 ov e r  t h e  c o n t ro l  p l a n t s  in  t h e  sam e
c o n c e n t r a t i o n  of KC1. A c l e a r - c u t  c o n c l u s i o n  c a n n o t  be  d raw n from 
t h e s e  r e s u l t s  s i n c e  v a r io u s  p o s s i b i l i t i e s  h a v e  to  be  c o n s i d e r e d .  The 
i n c r e a s e  in  th e  r e s p i ra to ry  r a t e s  of i n f e c t e d  ro o t s  s u s p e n d e d  in 10” ^M 
KC1 may b e  e x p la in e d  on  th e  b a s i s  t h a t  KC1 in  th e  o u te r  s o lu t io n s  
a l l e v i a t e s  t h e  l o s s  of K w h ic h  o c c u r s  in  c o m p a ra b le  ro o t s  s u s p e n d e d  
in  w a t e r .  H o w e v e r ,  o ther  p o s s i b l e  e f f e c t s  of th e  KC1 m ust  be  c o n ­
s i d e r e d  in  v iew  of t h e  o b s e r v e d  in h ib i t io n  of r e s p i r a to r y  r a t e s  of h e a l th y  
ro o ts  in  KC1. Amador and  W h e e l e r ' s  (3) work  on  t h e  e f f e c t  of l e a c h in g  
on  th e  r e s p i r a t i o n  of v i c t o r i n - t r e a t e d  oa t  t i s s u e s  i s  of im p o r ta n c e  in  t h i s  
r e s p e c t ,  s i n c e  v i c to r in  i s  know n to  In d u ce  p e rm e a b i l i ty  c h a n g e s .  The 
d u ra t io n  of e l e v a t e d  r e s p i r a t i o n  in d u c e d  by v i c to r in  w a s  m arkedly  
r e d u c e d  by l e a c h i n g  in  d i s t i l l e d  w a t e r .  Amador (2) ,  in  fu r the r  s t u d i e s ,  
found t h a t  th e  l e a c h i n g  e f f e c t  c o u ld  b e  p a r t i a l l y  n u l l i f i e d  w h e n  v i c t o r i n -  
t r e a t e d  t i s s u e s  w e r e  l e a c h e d  in  10“ KC1 s o l u t i o n s .
The i n c r e a s e  in  t h e  r e s p i r a to r y  r a t e s  of s y s t e m i c a l l y  i n f e c te d  
l e a v e s  of T a b a s c o  p e p p e r  i s  a p p a r e n t ly  a  t y p i c a l  r e s p o n s e  to  TEV 
i n f e c t io n  s i n c e  such  a n  i n c r e a s e  w a s  a l s o  o b s e r v e d  w i th  th e  o th e r  
p e p p e r  v a r i e t i e s  (Table 4 ) .  The f a c t  t h a t  r e s p i r a to r y  r a t e s  of roo ts  of 
C a l i f o r n ia  W o n d e r  p l a n t s  d id  not c h a n g e  a s  a r e s u l t  of i n f e c t i o n ,  
w h e r e a s  a n  i n c r e a s e  in  t h e  r e s p i r a t i o n  of  s y s t e m i c a l l y  i n f e c te d  
l e a v e s  w a s  o b t a i n e d ,  p o in t s  out  t h a t  d i f fe ren t  t i s s u e s  d i f fe r  in  th e i r
r e s p o n s e  to  v i ru s  i n f e c t i o n .
A d e c r e a s e  in  a s c o r b i c  a c id  c o n te n t  w a s  d e t e c t e d  in  th e  ro o ts  
of  TEV -infec ted  T a b a s c o  p e p p e r  p l a n t s  a t  th e  f i r s t  day  of w i l t .
A scorb ic  a c i d  i s  norm al ly  m a in ta in e d  in a  r e d u c e d  s t a t e  in  th e  p la n t  
c e l l s  and  a s  a  r e s u l t ,  t h e  c o n c e n t r a t i o n  of I t s  o x id a t io n  p r o d u c t , d e h y -  
d r o a s c o r b i c  a c i d  (DHA), i s  u s u a l ly  ve ry  sm a l l  (35) .  An u p s e t  of t h i s  
b a l a n c e  w o u ld  c a u s e  a  r a p id  c o n v e r s io n  of a s c o r b i c  a c i d  to  DHA.
M a p so n  (35) h a s  l i s t e d  a) m e c h a n i c a l  d a m a g e ,  b) th e  a c t i o n  of s u b ­
s t a n c e s  c a u s i n g  c e l l u l a r  d i s o r g a n i z a t i o n ,  a nd  c) th e  a c t i o n  of s p e c i f i c  
e n z y m a t ic  p o i s o n s ,  a s  p o s s i b l e  d i s tu rb in g  f a c t o r s .  S in c e  TEV in f e c t io n  
of T a b a s c o  p e p p e r  a l t e r e d  th e  p e rm e a b i l i ty  of t h e  roo t  c e l l s  t h u s  d i s t u r b ­
ing c e l l u l a r  o r g a n i z a t i o n ,  it  i s  p o s s i b l e  on t h i s  b a s i s  t o  e x p l a i n  th e  
d e c r e a s e  in  a s c o r b i c  a c i d  c o n t e n t .  The i n c r e a s e d  e n z y m a t i c  o x id a t io n  
of a s c o r b i c  a c i d  w h ich  w a s  d e t e c t e d  in  root  e x t r a c t s  of i n f e c t e d  p l a n t s  
a t  th e  f i r s t  day  of w i l t  i s  in  a g re e m e n t  w i th  t h e  f ind ing  t h a t  a s c o r b i c  
a c i d  c o n te n t  h ad  d e c r e a s e d  (Tab les  5 , 8 ) .  The f ind ing  th a t  a s c o r b i c  a c id  
c o n te n t  and  i t s  e n z y m a t i c  o x id a t io n  w e re  not  c h a n g e d  in  roo t s  of the  
o th e r  p e p p e r  v a r i e t i e s  (Table 5) o f fe r s  fu r the r  e v i d e n c e  t h a t  p e rm e a b i l i ty  
c h a n g e s  may c a u s e  c h a n g e s  in  a s c o r b i c  a c i d  c o n t e n t .  In a d d i t i o n ,  
p e rm e a b i l i ty  c h a n g e s  w e r e  not d e t e c t e d  in  s y s t e m i c a l l y  i n f e c t e d  
T a b a s c o  l e a v e s  and  a s c o r b i c  a c i d  c o n te n t  d id  not c h a n g e .
Krupka 's  (29) work on t h e  e f fe c t  of  v i c to r in  on a s c o r b i c  a c i d  
c o n te n t  a n d  the  e n z y m a t i c  o x id a t io n  of a s c o r b i c  a c i d  i n  o a t  t i s s u e  i s  
of ex t rem e  i n t e r e s t  s i n c e  v i c to r in  i s  know n to  in d u c e  p e rm e a b i l i ty  
c h a n g e s  (56). Krupka (29) found a d e c r e a s e  in  a s c o r b i c  a c i d  c o n te n t  
a n d  3 - fo ld  i n c r e a s e  in  th e  o x id a t io n  of a s c o r b i c  a c i d .
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A rap id  d e c r e a s e  in  a s c o r b i c  a c id  w a s  a l s o  repor ted  by Johnson  
and S c h a a l  (25) in  p o ta to  tu b e r s  m e c h a n ic a l ly  dam aged  or t h o s e  showing  
pronounced net  n e c r o s i s  c a u s e d  by a s t e r  y e l lo w s  v i rus  in f e c t i o n .
Reid (45) s u g g e s t e d  th a t  a s c o r b i c  a c id  w ou ld  seem  to func t ion  at  
the  s u r f a c e  of th e  root c e l l s  a s  a reg u la to r  of w a te r  in ta k e  and  i t s  r e t e n ­
t io n .  It would  be i n te r e s t in g  if  th e  d e c r e a s e  in a s c o r b i c  a c id  i s  r e l a t e d  
to  w i l t ing  on th e  b a s i s  of th i s  s u g g e s t i o n .
The a c c u m u la t io n  of p o ly ph en o ls  in  the  roo ts  of TEV-infected 
T ab a sc o  pepper  p la n t s  i s  not  su rp r i s ing  s i n c e  an  i n c r e a s e d  a rom atic  b i o ­
s y n th e s i s  i s  c h a r a c t e r i s t i c  of a l l  in ju red  or i n f e c te d  t i s s u e s .  The b ro w n ­
ing of the  root t i s s u e s  a s s o c i a t e d  with  th e  w i l t e d  p la n t s  i n d i c a t e s  a type  
of h y p e r s e n s i t i v e  r e s p o n s e  of root t i s s u e s  to  v i ru s  in f e c t i o n .  The b ro w n ­
ing of su c h  t i s s u e s  h a s  a lw a y s  b e e n  a t t r ib u te d  to  o x id a t io n  p roduc ts  of 
p o lyp h eno ls  (9). The e v id e n c e  t h a t  t h e s e  p h e n o ls  undergo o x id a t io n  in 
T a b a sc o  roo ts  i s  in d i r e c t  and  i s  b a s e d  on th e  d e c r e a s e  in  a s c o r b i c  a c id  
con ten t  and  e n h a n c e d  p e ro x id a t ic  a c t i v i t y .  Ascorb ic  a c i d  w a s  probably  
u s e d  up in  m ain ta in ing  th e  phenol  in t h e  red u c e d  s t a t e .
It might s e e m  su rp r i s ing  th a t  in  sp i t e  of the  i n c r e a s e d  po lypheno l  
s y n t h e s i s ,  th e  in  vi t ro  a c t iv i ty  of po ly ph en o l  o x id a s e  in  root e x t r a c t s  
of i n f e c te d  p la n t s  w a s  not d i f fe ren t  from th a t  of h e a l th y  p l a n t s .  This  
cou ld  be  m is lead ing  s in c e  pheno l  o x i d a s e s  a re  g e n e ra l ly  i n a c t iv e  in 
in ta c t  t i s s u e s  and  the  amount  of a c t iv i ty  in  e x t r a c t s  i s ,  t h e r e f o re ,  not 
an  in d ic a t io n  of th e  a c t iv i ty  in th e  t i s s u e  (1). Damage to  th e  c e l l  in
i n f e c te d  t i s s u e s ,  a s  a  r e s u l t  of im pa irm ent  of p e rm e a b i l i t y ,  w o u ld  a l low 
th e  o x i d a s e s  to  come in to  c o n ta c t  w i th  th e i r  s u b s t r a t e ,  th u s  r e s u l t in g  
in  a g r e a t ly  i n c r e a s e d  r a t e  of o x i d a t i o n .  This  w o u ld  not  b e  t h e  s i t u a ­
t io n  in  i n t a c t  h e a l th y  t i s s u e .  If w e  a s s u m e  th a t  p o ly p h en o l  o x id a t io n  
p ro d u c ts  a re  r e s p o n s i b l e  for th e  browning  of t i s s u e ,  i t  might a l s o  s e em  
c o n t r a d ic to ry  th a t  th e  p o lyp h eno l  c o n te n t  I n c r e a s e d  s t e a d i l y  r a th e r  t h a n  
d e c r e a s e d .  F a rk a s  a nd  Kiraly (9) e m p h a s i z e d  th a t  a  d e c r e a s e  in  p o ly ­
p heno l  i s  not  a  g e n e r a l  p h en om en on  c h a r a c t e r i s t i c  of a l l  h y p e r s e n s i -  
t i v e l y  r e a c t in g  t i s s u e s .  For e x a m p le ,  in  w h e a t  l e a v e s  r e a c t in g  
h y p e r s e n s l t i v e l y  to  ru s t  i n f e c t i o n ,  t h e  p h e n o l  c o n te n t  i n c r e a s e s  
s t e a d i ly  (26) .  It i s  of I n t e r e s t  i n  t h i s  r e s p e c t  to  re fe r  to  Jo h n so n  and 
S c h a a l ' s  (23,  25) f inding  th a t  p o t a to  t u b e r s  sh o w in g  p ro n o u n ce d  net  
n e c r o s i s  c a u s e d  by  a s t e r  y e l lo w s  v i ru s  i n f e c t i o n  a c c u m u l a t e  o r th o d i -  
hydr ic  p h e n o l s  in  th e  n e c r o t i c  a r e a s .  H ira i  (18) h a s  a l s o  repo r te d  
i n c r e a s e d  p o ly p h e n o l  s y n t h e s i s  in  and  a ro u n d  t h e  n e c r o t i c  c e l l s  of 
p o ta to  l e a v e s  i n f e c t e d  by p o ta to  v i ru s  X or Y.
The p e ro x id a t i c  a c t iv i t y  of root e x t r a c t s  of i n f e c t e d  p l a n t s  w a s  
g r e a t ly  e n h a n c e d .  S in c e  p e r o x i d a s e s  may a c t  on e s s e n t i a l l y  th e  sam e  
s u b s t r a t e  a s  p o ly p h e n o l  o x i d a s e s  (8 ) ,  it  i s  very  tem p t in g  to  a t t r ib u t e  
t o  th em  a  s im i la r  ro le  in  h o s t - p a t h o g e n  r e l a t i o n s h i p s .  D e m o n s t ra t io n  
of t h e  p r e s e n c e  of H 2O 2 , t h e  s u b s t r a t e  for p e r o x i d a s e ,  in  th e  T a b a s c o  
p e p p e r  ro o ts  i s  e s s e n t i a l  be fo re  p e r o x i d a s e  i s  a s s i g n e d  a ro le  in 
p o ly p h e n o l  o x i d a t i o n .
A number of w o rk e r s  h av e  rep o r te d  e n h a n c e d  p e ro x id a s e  a c t iv i t y  
in  v i r u s - i n f e c t e d  t i s s u e s  (33, 5 3 ,  6 3 ) .  M a ce  (34) sh o w ed  th a t  p e r o x i ­
d a s e  from F u s a r i u m - in f e c t e d  b a n a n a  ro o ts  i s  c a p a b le  of  c a t a l y z i n g  th e  
o x id a t io n  of d o p a m in e ,  t h u s  In d ic a t in g  t h a t  p e r o x id a s e  may p a r t i c i p a t e  
i n  th e  in  v ivo  o x id a t io n  o f  d o pam ine  to  p ro d u ce  v a s c u l a r  b ro w n in g .  In 
h i s t o c h e m i c a l  t e s t s  of  b a n a n a  r o o t s ,  M a c e  (34) d e m o n s t r a t e d  th a t  
p e r o x i d a s e  o c c u r re d  a s  c y to p l a s m i c  p a r t i c l e s  in  p a re n ch y m a  c e l l s  of 
ph loem  b u n d l e s . Fu r the rm ore ,  Van F le e t  (54,  55) rep o r te d  th e  p r e s e n c e  
of p e r o x i d a s e  in  a l l  k in d s  of ph loem  c e l l s :  s i e v e  e l e m e n t s ,  co m p an io n  
c e l l s ,  a n d  su rround ing  p a re n c h y m a  c e l l s .
The l o c a l i z a t i o n  of  p e r o x i d a s e  in  t h e  ph loem  i s  i n t e r e s t i n g  in  v iew 
of the  e n h a n c e d  p e r o x i d a s e  a c t i v i t y  d e t e c t e d  in  i n f e c t e d  T a b a s c o  roo ts  
a t  th e  f i r s t  day of w i l t  and  th e  ph loem  n e c r o s i s  p rom inen t  a t  t h i s  t im e .
SUMMARY
Attem pts  made to  e l im in a te  th e  v i ru s  in h ib i to r  p r e s e n t  in  p e p p e r  
e x t r a c t s  e i t h e r  f a i l e d  or r e s u l t e d  in  l a rg e  l o s s e s  of v i r u s .
The v i ru s  t i t e r ,  b a s e d  on s y s t e m ic  i n f e c t i o n ,  of root e x t r a c t s  of 
th e  3 p e p p er  v a r i e t i e s  w a s  found to  b e  q u i t e  s i m i l a r .
A m arked  r e l e a s e  of e l e c t r o l y t e s ,  i n d i c a t i v e  of p e rm e a b i l i ty  c h a n g e ,  
w a s  th e  f i r s t  r e s p o n s e  th a t  c o u ld  b e  d e t e c t e d  in  t h e  ro o ts  of TEV- 
in f e c t e d  T a b a s c o  p e p p e r  p l a n t s .  This  o c c u r r e d  2 4 -4 8  h o u rs  be fore  
w i l t  s y m p t o m s . No s u c h  l o s s  of e l e c t r o l y t e s  w a s  o b t a in e d  w i th  
roo ts  of  n o n in o c u la t e d  c o n t ro l  p l a n t s  or w i th  roo ts  of o th e r  TEV- 
s u s c e p t i b l e  p e p p e r  v a r i e t i e s  w h ic h  do not w i l t  a s  a r e s u l t  of 
i n f e c t i o n .
P o ta s s iu m  and  sod ium  io n s  w e re  t h e  major  e l e c t r o l y t e s  t h a t  w e r e  
r e l e a s e d  in to  th e  su r round ing  s o l u t io n s  a s  a  r e s u l t  of t h e  a l t e r e d  
p e rm e a b i l i ty  of th e  root c e l l s .
No h i s t o l o g i c a l  c h a n g e s  w e re  o b s e r v e d  at  t h e  t im e  th e  i n i t i a l  
c h a n g e  in  p e rm e a b i l i ty  w a s  d e t e c t e d .  At th e  f i r s t  day  of w i l t ,  
h o w e v e r ,  cam bium  a nd  ph loem  n e c r o s i s  w a s  ve ry  c h a r a c t e r i s t i c  in  
root  s e c t i o n s  of  w i l t e d  p l a n t s .
No c h a n g e s  in  t h e  r e s p i ra to ry  r a t e s  of t h e  roo t s  w e r e  d e t e c t e d  up 
to  t h e  t im e  th e  p e rm e a b i l i ty  c h a n g e s  f i r s t  b e c a m e  p ro n o u n c e d .  
H o w e v e r ,  12-24  ho u rs  l a t e r ,  a d e c r e a s e  in  t h e  o x y g e n  u p ta k e  by 
ro o t s  of i n f e c t e d  T a b a s c o  p e p p e r  p l a n t s  w a s  o b s e r v e d .  The
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re s p i ra to ry  r a t e  c o n t in u e d  to  d e c r e a s e  s t e a d i l y  t h e r e a f t e r ,  a n d  w a s  
a b o u t  50% of th a t  of th e  co n t ro l  a t  t h e  t im e  of  i n c ip i e n t  w i l t .  No 
s ig n i f i c a n t  c h a n g e s  in  the  r e s p i ra to ry  r a t e s  o i  ro o t s  of TEV-infected  
C a l i fo rn ia  W o n d e r  p l a n t s  w e r e  o b s e r v e d  du r ing  144 hours  a f te r  
i n o c u l a t i o n .
7 .  TEV -infec ted  T a b a s c o  p e p p e r  p l a n t s  w h o s e  ro o ts  w e r e  s u s p e n d e d  
in  10“ 2 m  KC1 s o lu t io n s  sh o w ed  a h ig h e r  r e s p i r a to r y  r a t e  t h a n  roo ts  
of c o r r e sp o n d in g  h e a l th y  p l a n t s  in  t h e  s a m e  s o l u t i o n s .
8 . S y s t e m ic a l ly  i n f e c te d  l e a v e s  of th e  3 p e p p e r  v a r i e t i e s  sh o w e d  a 
h ig h e r  r e s p i r a to r y  r a t e  th a n  c o r r e sp o n d in g  l e a v e s  of h e a l th y  p la n t s  
a t  th e  t im e  th e  e x te r n a l  sym ptoms w e re  a p p a r e n t .
9 .  A d e c r e a s e  in  a s c o r b i c  a c id  c o n te n t  w a s  d e t e c t e d  in  t h e  roo ts  of 
T EV -infec ted  T a b a s c o  p e p p e r  p l a n t s  a t  th e  f i r s t  day  of w i l t .  No 
su c h  d e c r e a s e  w a s  o b t a i n e d  w i th  s y s t e m i c a l l y  i n f e c t e d  l e a v e s  or 
w i th  roo ts  of TEV -infec ted  C a l i f o r n ia  W o n d e r  an d  C a y e n n e  p e p p er  
p l a n t s .
10. An i n c r e a s e d  e n z y m a t ic  o x id a t io n  of  a s c o r b i c  a c i d  w a s  d e t e c t e d  
in  root  e x t r a c t s  of TEV -in fec ted  T a b a s c o  p e p p e r  p l a n t s  a t  t h e  f i rs t  
day  of  w i l t . No d i f f e r e n c e s  b e tw e e n  root e x t r a c t s  of h e a l th y  and 
in f e c td d  p l a n t s  w e re  o b t a in e d  w i th  th e  o th e r  p e p p e r  v a r i e t i e s .
11. A p ro n o u n ce d  a c c u m u la t io n  of c h lo r o g e n ic  a c i d  a n d  o r thod ihydr ic  
p h e n o ls  w a s  d e t e c t e d  in  t h e  ro o ts  of  T EV -in fec ted  T a b a s c o  p e p p e r  
p l a n t s .  No such  i n c r e a s e  in  p o ly p h e n o l s  w a s  d e t e c t e d  in  ro o t s  of 
d i s e a s e d  C a y e n n e  p e p p e r  p l a n t s  .
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12. No s i g n i f i c a n t  c h a n g e s  in  t h e  a c t i v i t y  of p o ly p h e n o l  o x i d a s e  w e re  
o b ta in e d  w i th  root e x t r a c t s  of  any  of t h e  3 p e p p e r  v a r i e t i e s .
13. A g r e a t ly  e n h a n c e d  p e r o x i d a s e  a c t i v i t y  w a s  found in  TEV -infec ted  
T a b a s c o  p e p p e r  root e x t r a c t s  a t  t h e  f i r s t  d ay  of w i l t . No such  
i n c r e a s e  in  th e  p e r o x id a t i c  a c t iv i t y  w a s  o b s e r v e d  w i th  o th e r  
p e p p e r  v a r i e t i e s .
LITERATURE CITED
1. A l len ,  J .  P .  1959.  P h y s io lo g y  a nd  b io c h e m is t r y  of  d e f e n s e ,
p .  4 3 5 - 5 0 9 .  In^J .  G .  H o rs fa l l  a n d  A. E. Dimond (E d . ) ,  P la n t  
P a th o lo g y .  I .  A cad em ic  P r e s s ,  New York.
2 .  Amador, E. J .  1965.  F a c to r s  a f f e c t in g  v i c t o r i n - i n d u c e d  r e s p i r a t i o n
in  o a t  t i s s u e .  P h . D .  d i s s e r t a t i o n ,  L o u is ia n a  S t a t e  U n i v . ,  Baton 
R o u g e .
3 .  Amador, E. J . ,  and  H .  W h e e l e r .  1963.  Effec t  of l e a c h in g  on r e s p i r a ­
t io n  of  v i c t o r i n - t r e a t e d  o a t  t i s s u e s .  (Abstr .)  P h y to p a th o lo g y  53: 621 .
4 .  Bawden ,  F. C .  1950 .  P lan t  v i r u s e s  a n d  v i ru s  d i s e a s e s . Third
e d i t i o n .  C h ro n ica  B o tan ica  C o . ,  W a l th a m ,  M a s s .  335 p .
5 .  Bawden ,  F. C . ,  a n d  R. K a s s a n i s .  1941 .  Some p r o p e r t i e s  of t o b a c c o
e t c h  v i r u s e s .  Ann. Appl .  Biol .  28: 1 0 7 - 1 1 8 .
6 . C o r b e t t ,  M. K. 1961 .  P u r i f i c a t io n  of p o t a to  v i ru s  X w i th o u t  a g g r e g a ­
t i o n .  Virology 15: 8 - 1 5 .
7. D ie n e r ,  T. O .  1963.  P h y s io lo g y  of  v i r u s - i n f e c t e d  p l a n t s . Ann.
Rev .  P h y to p a th .  1: 1 9 7 - 2 1 8 .
8 . F a r k a s ,  G .  L . ,  and  Z. Kira ly .  1958 .  E n zy m o lo g ica l  a s p e c t s  of
p l a n t  d i s e a s e s .  I .  O x id a t iv e  e n z y m e s .  P h y to p a th .  Z.  31:
2 5 1 - 2 7 2 .
9 .  F a r k a s ,  G .  L . ,  and  Z .  K ira ly .  1962 .  Role of p h e n o l i c  com po u nd s
in  the  p h y s io lo g y  of  p l a n t  d i s e a s e s  and  d i s e a s e  r e s i s t a n c e .  
P h y t o p a th .  Z.  44:  1 0 5 - 1 5 0 .
10. F i s k e ,  C .  H . ,  a n d  Y. S u b b a ro w .  1925 .  The c o lo r im e t r ic  d e t e r m i n a ­
t io n  of p h o s p h o r u s .  Jou r .  Biol.  C h e m .  6 6 : 3 7 5 - 4 0 0 .
II
11.  G a u m an n ,  E. 1951.  Some prob lem s of p a th o l o g i c a l  w i l t i n g  in
p l a n t s .  A d v a n ce s  in  Enzym ol .  11: 4 0 1 - 4 3 7 .
12.  G a u m a n n ,  E. 1958.  The m e c h a n i s m s  of f u s a r i c  a c i d  in ju ry .
P h y to p a th o lo g y  48:  6 7 0 - 6 8 6 .
13.  G r e e n l e a f ,  W .  H .  1951 .  A l e t h a l  v i r u s  w i l t  of T a b a s c o  p e p p e r ,
(C a p s ic u m  f r u t e s c e n s  L.) P r o c .  48th  Ann. C o n v .  of A s s o c .  South .  
Agr.  W o r k e r s .  109.
59
60
14. G r e e n l e a f ,  W .  H .  1953. Effect  of t o b a c c o  e tc h  v i ru s  on p e p p e r s ,
(C a p s i c u m  s o . ) . Phy topa tho logy  43:  5 6 4 - 5 7 0 .
15. H a l l ,  W .  C . ,  and  J .  H a c s k a y l o .  1963.  M e th o ds  and  p ro ced u res
for p lan t  b io c h e m ic a l  and  p h y s io lo g ic a l  r e s e a r c h .  The Exchange  
S to r e ,  C o l l e g e  S ta t io n ,  T e x a s .  81 p .
16. H am pton ,  R. E. 1963. Act iv i ty  of som e so lu b le  o x i d a s e s  in carro t
s l i c e s  in f e c te d  with  T h le la v io p s i s  b a s l c o i a . Phy topa tho logy  53: 
4 9 7 - 4 9 9 .
17. H a r t t ,  C .  E. 1934.  Some e f f e c t s  of p o t a s s iu m  upon t h e  growth of
s u g a r c a n e  and  upon th e  a b so rp t io n  and  m igra t ion  of a s h  c o n s t i t u ­
e n t s .  Plant  P h y s io l .  9: 3 9 9 -4 5 2 .
18. H i ra i ,  T. 1956. S tu d ie s  on th e  n a tu re  of d i s e a s e  r e s i s t a n c e  in
p l a n t s .  F o r s c h .  G e b le t  P f l a n z e n k ra n k h e i t e n  (Kyoto). 4 :1 3 9 - 1 5 7 .  
(Abstr .)  Rev.  Appl.  M y c o l .  37: 3 3 - 3 4 .
19. H o lm e s ,  F .  O .  1943. E xper im enta l  h o s t s  of t o b a c c o  e tc h  v i rus  .
(Abstr .)  Phy topa tho logy  33: 1114.
2 0 .  H o lm e s ,  F.  O .  1946. A c o m p a r is o n  of th e  e x p e r im e n ta l  h o s t
r a n g e s  of  t o b a c c o  e tch  and  to b a c c o  m o sa ic  v i r u s e s .  P h y to p a th ­
o logy 36: 6 4 2 - 6 5 9 .
2 1 .  H orn ,  N .  L . , and  J .  B. S i n c l a i r .  1959. T a b a s c o  p e p p e r  w i l t  in
L o u i s i a n a .  P roc .  La.  A cad .  S c i .  22: 4 3 - 4 6 .
22 .  J o h n s o n ,  E. M .  1930. Virus d i s e a s e s  of t o b a c c o  in Ken tucky .  .
Ky. Agr. Exp.  S t a .  Bul l .  306 .
23 .  J o h n s o n ,  G . ,  and  L. A. S c h a a l .  1952. R e la t ion  of c h lo ro g e n ic
a c id  to  s c a b  r e s i s t a n c e  in  p o t a t o e s .  S c i e n c e  115: 6 2 7 - 6 2 9 .
24 .  Jo h n s o n ,  G . ,  and L. A. S c h a a l .  1957. C h lo ro g e n ic  a c i d  and
o th e r  o r thod ihydr ic  p h e n o ls  in s c a b - r e s i s t a n t  R u s s e t  Burbank 
a nd  s c a b - s u s c e p t i b l e  Triumph p o ta to  tu b e r s  of d i f f e ren t  m a tu r i ­
t i e s . Phy topa tho logy  47: 2 5 3 - 2 5 5 .
25 .  J o h n s o n ,  G . ,  and L. A. S c h a a l .  1957. A ccum ula t ion  of ph en o l ic
s u b s t a n c e s  and  a s c o r b i c  a c id  in  p o ta to  tu b e r  t i s s u e  upon 
in ju ry  and  th e i r  p o s s i b l e  ro le  in d i s e a s e  r e s i s t a n c e .  Amer. 
P o ta to  Jour .  34: 2 0 0 - 2 0 9 .
61
2 6 .  Kira ly ,  Z . ,  a n d  G . L. F a r k a s .  1962 .  R e la t io n  b e tw e e n  p heno l
m e ta b o l i sm  a n d  s te m  ru s t  r e s i s t a n c e  in  w h e a t .  P h y topa tho logy  
52: 6 5 7 - 6 6 4 .
27 .  Koch, F. C . ,  an d  T. L. M c M e e k in .  1924. New d i r e c t  N e s s e r l i z a -
t io n  M ic ro -K je ld ah l  method and  m o d if ic a t io n  of th e  N e s s l e r - F o l i n  
r e a g e n t  for a m m o n ia .  Jour .  Amer.  C h e m .  S o c .  46:  2 0 6 6 - 2 0 6 9 .
2 8 .  Kramer,  P .  J .  1955. W a t e r  r e l a t i o n s  of p lan t  c e l l s  a nd  t i s s u e s .
Ann.  Rev .  P lan t  P h y s io l .  6 : 2 5 3 - 2 7 2 .
29 .  Krupka,  L. R. 1959. M e ta b o l i s m  of o a t s  s u s c e p t i b l e  to
H e lm ln th o sp o r lu m  v l c t o r l a e  a nd v i c t o r i n .  P h y to p a th o lo g y  
49: 5 8 7 - 5 9 4 .
3 0 .  Laird ,  E. F .  , a n d  R. C .  D i c k s o n .  1963.  T o b a c c o  e tc h  v i ru s  and
p o ta to  v i ru s  Y in  p e p p e r ,  t h e i r  h o s t  p l a n t s  a n d  i n s e c t  v e c to r s  in 
S o u th e rn  C a l i f o r n i a .  P h y to pa th o lo gy  53: 4 8 - 5 2 .
3 1 .  L ee ,  S h u - f u n g ,  a nd  D .  L eT ourneau .  1958 . C h lo ro g e n ic  a c id
c o n te n t  a n d  Ver t ic i l l ium  w i l t  r e s i s t a n c e  of p o t a t o e s . 
P h y to p a th o log y  48:  2 6 8 -2 7 4  .
3 2 .  L in sk en s  , H .  F .  1955.  Einf lus  d e r  t o x ig e n e n  W e lk e  a u f  d ie
B l a t t a u s s c h e i d u n g e n  d e r  T o m a te n p f l a n z e .  P h y to p a th .  Z .  23: 
8 9 - 1 0 6 .
3 3 .  L o e b e n s t e i n ,  G .  , a n d  N .  L in s e y .  1961.  P e r o x i d a s e  a c t iv i t y  in
v i r u s - I n f e c t e d  s w e e t  p o t a t o e s .  P hy to p a th o lo g y  51:  5 3 3 - 5 3 6 .
3 4 .  M a c e ,  M .  E. 1964. P e r o x i d a s e s  and  t h e i r  r e l a t i o n  to  v a s c u l a r
browning  in  b a n a n a  r o o t s .  P hy to p a th o lo g y  54:  1 0 3 3 -1 0 3 4 .
3 5 .  M a p s o n ,  L. W .  1958.  M e ta b o l i s m  of a s c o r b i c  a c id  in  p l a n t s .
P a r t i :  F u n c t io n .  Ann. Rev .  P lan t  P h y s io l .  9: 1 1 9 -1 5 0 .
3 6 .  M cKeen ,  C .  D .  1956. The inh ib i to ry  a c t i v i t y  of e x t r a c t  of
C a p s i c u m  f r u t e s c e n s  on p la n t  v i ru s  i n f e c t i o n s .  C a n .  Jour .
Bot .  34: 8 9 1 -9 03  .
3 7 .  M o r e l l ,  S .  A. 1941.  Rapid  p h o to m e tr ic  d e te rm in a t io n  of  a s c o r b i c
a c i d  in  p la n t  m a t e r i a l s .  In d .  Eng .  C h e m .  A na l .  Ed.  13: 7 9 3 -  
7 94 .
3 8 .  O w en ,  P. C .  1957 . The e f f e c t  of  i n f e c t i o n  w i th  t o b a c c o  e tch
v i ru s  on  th e  r a t e s  of r e s p i r a t i o n  and  p h o t o s y n t h e s i s  of t o b a c c o  
l e a v e s .  Ann. Appl .  B io l .  45: 3 2 7 - 3 3 1 .
62
3 9 .  P a q u in ,  R. , and  E. R. W a y g o o d .  1957 .  The e f f e c t  of Fusar ium
to x in s  on  t h e  e n z y m a t ic  a c t iv i t y  of to m a to  h y p o c o ty l  m i t o c h o n d r i a . 
C a n .  Jour .  Bot.  35: 2 0 7 - 2 1 8 .
4 0 .  P e r s o n ,  L. H .  1934. R e s e a r c h  no te  number  2 5 0 9 .  R e se a rc h  no te
f i l e ,  D epar tm en t  of P lan t  P a th o lo g y ,  L o u is ia n a  S t a t e  U n i v e r s i t y ,  
A g r icu l tu ra l  Exper iment  S t a t i o n ,  Baton  Rouge .
4 1 .  P e r s o n ,  L. H .  1936.  R e se a rc h  no te  number  2 9 14 .  R e se a rc h  no te
f i l e ,  D ep ar tm en t  of  P la n t  P a th o lo g y ,  L o u is ia n a  S t a te  U n i v e r s i t y ,  
A gr icu l tu ra l  Exper iment  S t a t i o n ,  Baton  Rouge .
4 2 .  P e r s o n ,  L. H .  1937.  R e se a rc h  no te  num ber  31 7 6 .  R e se a rc h  no te
f i l e ,  D ep ar tm en t  of  P lan t  P a th o lo g y ,  L o u is ia n a  S t a t e  U n i v e r s i t y ,  
A b r lcu l tu ra l  Exper iment  S t a t i o n ,  Baton  R ouge .
4 3 .  P e r s o n ,  L. H .  1939.  R e s e a r c h  no te  number  3 7 1 9 .  R e s e a r c h  no te
f i l e ,  D e par tm en t  of P lan t  P a th o lo g y ,  L o u is ia n a  S t a t e  U n i v e r s i t y ,  
A gr icu l tu ra l  Experiment  S t a t i o n ,  Baton  R ouge .
4 4 .  P h i l ip ,  J .  R. 1958.  The o s m o t ic  c e l l ,  s o l u t e  d i f f u s i b i l i t y , a nd  t h e
p lan t  w a t e r  e c o n o m y .  Plant  P h y s i o l .  33:  2 6 4 - 2 7 1 .
4 5 .  R e id ,  Mary E. 1941.  R e la t io n  of v i t a m in  C to  c e l l  s i z e  in  th e
growing  r e g io n  of th e  primary root  of c o w p e a  s e e d l i n g s .  Amer. 
Jo u r .  Bot .  28:  4 1 0 - 4 1 5 .
4 6 .  Roe ,  J .  H . ,  a n d C .  A. K ue ther .  1942.  The d e te r m in a t io n  of
a s c o r b i c  a c i d  in  w h o le  b loo d  a nd  u r ine  th rough  th e  2 , 4 - d i n i t r o -  
p h e n y lh y d r a z in e  d e r i v a t i v e  of d e h y d r o a s c o r b ic  a c i d .  Jou r .  B io l .  
C h e m .  147: 3 9 9 - 4 0 7 .
4 7 .  S a d a s i v a n ,  T. S .  1961 .  P h y s io lo g y  of w i l t  d i s e a s e s . Ann. Rev,
P lan t  P h y s i o l .  12: 4 4 9 - 4 6 8 .
4 8 .  S a d a s i v a n ,  T. S . ,  and  R. K a ly a n a su n d a ra m .  1956.  S p e c t ro c h e m ic a l
s t u d i e s  on  the  u p tak e  of io n s  by p l a n t s .  I .  The Lundegardh f lame 
t e c h n iq u e  of  a sh  a n a l y s i s  of t o x i n / a n t i b i o t i c  in v a d e d  c o t to n  
p l a n t s .  P r o c .  In d ian  A c ad .  S c i .  43:  2 7 1 - 2 7 5 .
4 9 .  S c h l e g e l ,  D .  E.  1960 .  T r a n s m i s s io n  of s e v e r a l  p la n t  v i r u s e s  by
p h e n o l - w a t e r  e x t r a c t s  of d i s e a s e d  t i s s u e s .  P h y to p a th o log y  
50:  1 5 6 -1 5 8 .
5 0 .  S i n c l a i r ,  J .  B . ,  N .  L. H orn ,  a n d W .  J .  M a r t in .  1959.  New and
u n u s u a l  o c c u r r e n c e  of  c e r t a i n  d i s e a s e s  in  L o u i s i a n a .  P lan t  D i s . 
R e p t r . 43:  947 .
63
5 1 .  S u b ra m a n ia n ,  D.  , and  L. S a r a s w a t h i - D e v i .  1959.  W a t e r  i s
d e f i c i e n t ,  p .  3 1 3 - 3 4 8 .  In  J .  G .  H o r s f a l l  a n d  A. E. Dimond 
{Ed.) ,  P lan t  P a th o lo g y .  I .  A cadem ic  P r e s s ,  New York.
5 2 .  U m b re i t ,  W .  W . ,  R. H .  B u r r i s ,  a n d j .  E.  S t a u f f e r .  1957.
M anom etr ic  t e c h n i q u e s .  B u rg e ss  P u b l i sh in g  C o . ,  M i n n e a p o l i s ,  
M in n .  338 p .
5 3 .  V ager ,  R. M .  1955.  C h a n g e s  i n  th e  a c t i v i t y  of r e s p i r a to r y
e n z y m e s  of  p l a n t s  dur ing  v i ru s  i n f e c t i o n ,  Z h .  O b s h c h .  B i o l . ,
16: 2 9 8 -3 05 ;  C h e m .  A b s t r .  50:  2763d  (1956) .
5 4 .  Van F l e e t ,  D .  S .  1947.  The d i s t r i b u t i o n  of p e r o x i d a s e  in  d i f f e r ­
e n t i a t i n g  t i s s u e s  of  v a s c u l a r  p l a n t s .  B iodynam ica  6 : 1 2 5 -1 4 0 .
5 5 .  Van F l e e t ,  D . S .  1952.  H i s t o c h e m ic a l  l o c a l i z a t i o n  of e n z y m e s
in  v a s c u l a r  p l a n t s . Bot .  Rev .  18: 3 5 4 - 3 9 8 .
5 6 .  W h e e l e r ,  H . ,  and  H .  S .  B la c k .  1962 .  C h a n g e s  in  p e rm e a b i l i ty
in d u c e d  by v i c t o r in .  S c i e n c e  137: 9 8 3 - 9 8 4 .
5 7 .  W h e e l e r ,  H . ,  and  H .  S .  B la c k .  1963.  E f fec ts  of H e lm ln th o spo r lum
v l c t o r i a e  and  v i c to r in  upon p e r m e a b i l i t y .  Amer. Jou r .  Bot .  50:  
6 8 6 - 6 9 3 .
5 8 .  W h e e l e r ,  H . ,  a n d  H . H .  L uke .  1963.  M ic ro b ia l  t o x in s  in  p lan t
d i s e a s e .  Ann.  Rev .  M ic ro b io l .  17: 2 2 3 - 2 4 2 .
5 9 .  W h i t e ,  J .  C .  1961.  The w i l t  of T a b a s c o  p e p p e r  p l a n t s  c a u s e d  by
t o b a c c o  e tc h  v i r u s .  M. S .  t h e s i s ,  L o u is ia n a  S t a te  U n i v . ,
Baton R o u g e .
6 0 .  W h i t e ,  J .  C .  1963.  S tu d ie s  on  t h e  t o b a c c o  e tch  v i ru s  w i l t  of
T a b a s c o  p e p p e r  p l a n t s . P h . D .  d i s s e r t a t i o n ,  L o u is ia n a  S t a t e  
U n i v . , Baton R ouge .
6 1 .  W h i t e ,  J .  C . ,  a n d  N .  L. H orn .  1960.  P a t h o lo g i c a l  h i s to lo g y  of
T a b a s c o  p e p p e r  p l a n t s  i n f e c t e d  w i th  t o b a c c o  e tc h  v i r u s .  (Abstr .)
Ph y to p a th o lo g y  50:  6 5 8 .
6 2 .  W h i t e ,  J .  C . ,  a n d  N .  L. H orn .  1965 .  The h i s to lo g y  of T a b a s c o
p e p p e r s  i n f e c t e d  w i th  t o b a c c o  e t c h  v i r u s . P h y to p a th o lo g y  
55: 2 6 7 - 2 6 9 .
6 3 .  W y n d ,  F .  L. 1942.  C e r t a i n  e n z y m a t ic  a c t i v i t i e s  of normal  and
m o sa ic  i n f e c t e d  t o b a c c o  p l a n t s .  Jou r .  G e n .  P h y s i o l .  25: 6 4 9 -  
6 61 .
VITA
S a id  Amin G h a b r ia l  w a s  bo rn  on  O c to b e r  I ,  1939 in  C a i r o ,  E gypt .
He  r e c e i v e d  h is  e le m e n ta ry  a nd  s e c o n d a r y  s c h o o l  e d u c a t i o n  in  C a i r o .  In 
1955 he e n ro l l e d  in  C a i ro  U n i v e r s i t y ,  C o l l e g e  of A g r icu l tu re ,  w h e re  he  
r e c e i v e d  h i s  B . S c .  in  June 1959.  He w o rk e d  a s  a n  A g r icu l tu ra l  E ng ineer  
for th e  U n i ted  Arab Repub l ic  G o v e rn m e n t ,  M in i s t ry  of  Land-Reform  from 
N ovem ber  1959 u n t i l  he  w a s  i n d u c t e d  in  th e  Army of t h e  U n i t e d  Arab 
R epub l ic  in  M arch  1961. He w a s  d i s c h a r g e d  from t h e  army w h e n  he 
r e c e i v e d  a  s c h o l a r s h i p  from th e  U n i ted  Arab R epub l ic  G o ve rn m en t  in 
S e p tem b er  1961 to  s tu d y  p la n t  p a th o lo g y  in  t h e  U n i t e d  S t a t e s  a t  L o u is ia n a  
S t a te  U n i v e r s i t y .  He r e c e i v e d  t h e  M a s t e r  of S c i e n c e  d e g re e  in  P lan t  
P a th o lo g y  in  June  1963. He i s  now a  c a n d i d a t e  for t h e  d e g re e  of 





EXAMINATION AND THESIS REPORT
S a id  Amin G ha b r ia l  
P la n t  Pa tho lo gy
P h y s io lo g ic a l  a n d  B ioch e m ic a l  C h a n g e s  A s s o c i a t e d  w i th  V irus-  
I n d u c e d  W i l t  of  T a b a s c o  P ep p e r
Approved:
(?■  ( f
Major Professor and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
Date of Examination: 
April  2 7 .  1965
